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PROGNOSIS

INTRODUCTION
Desiring to write on a timely and pr�ctical subject,

I have chosen gas gangrene.

In order to limit the sub

ject, I have written mostly on gas gangrene associated
with wounds.

I have reviewed most of the many papers

presented in the literature and have attempted to present

the ideas of the various authors.

In most cases I have

not criticized or evaluated but have presented their

work, opinions, experimentations and experiences in a
chronological order.

This thesis is divided into several parts:

Histo

ry, Etiology, Incidence, Mortality, Symptomatology and

Diagnosis, Pathology, Treatment, and Prognosis.

There

is necessarily some overlapping,, such as mortality fig
ures being given with treatment so that results of

therapy may more readily be compared.

Treatment is the most important section in this

thesis.

Some of the observations and results concerning

therapy presented here are not in accord.

In evaluating

results, the read.er must take into consideration the ex
perience of the author.

Results vary, also, from a

lack of standardization in experimental and clinical

work, and from the different types of gas bacillus in
fection which occur but are classified as gas gangrene.

HISTORY OF GAS GANGRENE
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Hippocrates knew of gas gangrene and recorded a

case, although it is not clear that it was of the emphy
sematous variety.

Oeleus is thought by some to have

known of the occurrence of gas gangrene in pregnancy •

Gas gangrene appeared in writing in the eighteenth and

nineteenth centuries.

It appeared as an acute, generally

fatal toxemia which developed rapidly following injury

associated with gas formation in the tissues and later
gangrene ( 67) •

Kellett (50) mentioned that there have been some,

such as Guermonprez, who regard Pares• famous report on
the wounded at the Seige of Rouen in 1562 as referring

without doubt to gas gangrene, and in doing so not only

destroy the old standing clinical distinction, previous

to World War I, dr�wn between this condition and the
condition known as hospital gangrene but also imply

that the condition bas always been relatively common in

war.

Kellett (50) also called attention to a case of

gas gangrene described in a letter wr;tten by rabrioiu1
Hildanus on August 9, 1607, to Gregorius Horatius.

Hildanus had written a monograph on gangrene, published

in German at Cologne· in 1593; he rewrote it and enlarg
ed it for an addition in French at Geneva in 1597, eo
he must have been considered a.n authority.

Hildanus,
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in treating this case in 1607, prepared to amputate the
leg above the knee in sound flesh, when he heard a
sound "as if there were a.n empty space below•.

The con

dition that Hildanus described appears to have remained,

to begin with, exceedingly rare, and as a result, this
record was forgotten.

In 1853 gas gangrene was described by Jla.1sonneve

(32) under the name "gangrene foudroyante•.

Eleven years

later, Pirogoff described the same process as "acute

gangrenous edema.•.

According to Warthen (95) gas gangrene became of

clinical significance in the Crimean War when sixty-five

cases were collected and reported by Salleron.

The inci

dence of this infection has increased with each succeed
ing European war.

Gas bacillus infections have been

less frequent in non-European wars, due in all probabil
ity to the constantly changing and sparsely fertilized

terrain over which the major campaigns were waged.

Keen (48) stated that he did not see a case of gas gan
grene during the War between the States.

However, during the Civil War, according to War

ren (94), the disease was recognized under the general

term of 11 hosp1taJ. gangrene".

The two principal types

were the "ulcerating form•, not related to gas gangrene,
and the "acute pulpy form", which undoubtedly was gas

bacillus infection.
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In July-August, 1892, Welch and Nuttall (100) pub

lished a full report of the discovery of a gas-forming

bacillus found in 1891 in the emphysematous tissues and

blood of a man dead of aneuriam of the aorta.

They

described .the character of the bacillus for which they

proposed the name Bacillus aerogenes capsulatus.

In 1896 Welch and Flexner (99) reviewed the lit

erature in an attempt to find whetheT the Bacillus

aerogenes capsulatus might not have been recognized by
earlier observers.

They found no such report.

However, they had no doubt that in the cases re

ported before 1892 under the names malignant edema,

emphysematous or gaseous gangrene, gaseous pblegmon,

emphysematous cellulitis, gangrenous septicemia, gan
grene gazeuse foudroyante, etc., the bacilli usually

described as those of malignant edema were, in some in

stances, identical with the Bacillus aerogenes capsula

tus.

The first observations of the Bacillus aerogenes

capsulatus following the report of Welch and Nuttall
(100) in 1892 were made by E. Fraenkel (29) in 1893.

Fraenkel did not mention the previous discovery of the
same organism by Welch and Nuttall, probably being un

acquainted with their work.

Fraenkel is credited by

Welch and Flexner (99) with demonstrating the causal

relation of the bacillus aerogenes capsulatus to the

affection called Tariously gaseous phlegmon, emphysema

tous cellulitis or gangrene, gangrene, gazeuse, eto.
The next publications concerning the Bacillus

aerogenes oapsulatus were those of Graham, Steward and

Baldwin (99), and of P. Ernst, both of these articles
appearing in August, 1893.

The case reported by Graham, Steward and Baldwin

was of a laboring woman, married, aged thirty-five.
She contracted gas gangrene through an abortion.

About

nine hours after her first symptoms, she began to swell

and crackle.

In another four hours, she was dead.·

This case afforded positive evidence that the gas bacil

lus may invade the blood and-produce gas widely distri
buted over the body during life, Welch and Flexner {99)

believe.

They also point out that this case confirmed

the explanation suggested by Welch and Nuttall of

deaths previously,reported as due to entrance of air in

to. the uterine veins after abortions.

In August, 1893, P. Ernst (99) reported two ob

servations of the formation of foam upon the cut surface

of the liver (Schaumleber) at autopsy, this foam being

due to the development of gas by the Bacillus aerogenes
oapsu.latus.
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In February, 1894, Mann (60) reported a case of

emphysematous gangrene of the hand due to Bacillus

aerogenes capsulatus associated with the streptococcus

pyogenes.

In May, 1895, Levy (99) published an observation

of the Bacillus aerogenes capsulatus.

In July, 1895,

Goebel (99) published an article concerning the bacil

lus of Bchaumorgane, confirming the results of Welch and

Nuttall, and demonstrating that this bacillus is identi
cal with the Bacillus phlegmones emphysematosae of
Fraenkel.

Passow (99) observed a case of gaseous phlegmon

of the right shoulder joint in November, 1893.

tient died, after incision, in three days.

The pa

Passow iden

tified the bacillus with Fraenk:el 1 s bacillus of gaseous

phlegmon.

In 1894, Novy (101) described the bacillus which

has come to bear his name, or which is better known as

B.oedematieus.

With each war, more and more oases of gas gangrene

were reported, associating it with war.

The trench war

fare of the World War I offered optimum conditions for
the development of gas gangrene, according to Warthen
(95).

World War II should again increase the incidence

of gas gangrene and offer opportunity for the trial of
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new methods of prophylaxis and treatment now in the pro
cess of development.

ETIOLOGY OF GAS GANGRENE

_.,_
·Pasteur reported the Vibrion septique as the causa

tive organism of gas gangrene 1 but Koch called this same
organism the bacillus of malignant edema (55).

In their report of the discovery of a gas-forming

bacillus found in the emphysematous tissues and blood of

a man dead of aneurism of the aorta, Welch and Nuttall
(100) in 1892 described the character of the bacillus:

Bacillus aerogenes oapsulatus.

"The bacillus is no�-motile,•straight or sometimes

slightly curved, variable in size, but averaging about

the thickness of the anthrax bacillus and 3 to 6 microns
11\ length, with adjacent ends slightly rounded or some

times square-cut; occurs singly, in pairs, in clumps,

and sometimes in short chains, less frequently in threads
and long chains; and stains readily with the ordinary
aniline dyes, including Gram's and Weigert 1 s fibrin

stain, either uniformly or with small unstained spots,

less frequently with isolated deeply staining granules.

Capsules, although not constant, were frequently demon

strated, especially by Welch's method for staining cap
sules, in specimens from the animal body and sometimes

from agar cultures.

No spores were found either in the

animal body or in cultures.

"The bacillus growe upon all ordinary media,

rapidly at bo�y temperatures, slowly at temperatures as

-818

0

to 20

0

C.

It 1s anaerobic, no growth occurring on

the surface of solid media or in ordinary fluid cultures

in test tubes exposed to the air.

There is growth in

the depth of solid media exposed to the air.

Under ana

erobic conditions, growth occurs both upon the surface
and in the depth of solid media.

Gas is produced in all

cultures containing fermentable material.
1

The colonies in agar are grayish-white to a more

opaque white or brownish-white color by transmitted

light, sometimes with a central darker dot.

At the end

of twenty�tour hours, they do not exceed 0.5 to 1 milli

metre, but they may subsequently attain a diameter of 2
to 3 millimetres, or even larger.

Those in the depth

are spheres or ovals, generally more or less flattened,

usually, but not always, with irregular contours, the

irregularity being due to knoblike or feathery projec

tions.

"In gelatin cultures there was observed a slow

and limited liquefaction of the medium, manifested by a

settling of the growth and by slight displacement of the

gas bubbles in changing the position of the tube •
.

1

The bacillus produces a first diffuse cloudiness

of sugar bouillon; later the fluid becomes clearer, with
an abundant whitish, more or less viscid sediment.

In

twenty-four to forty-eight hours milk is coagulated, the
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clot being generally firm, retracted, and furrowed with

In �aerobic potato cultures

the marks of gas bubbles.

there is either no visible growth or a thin, moist

grayish-white growth on the ·surface and abundant forma

tion of gas in the fluid accumulated about the bottom

and sides of the potato.

In aecitic fluid there is

abundant growth with formation of gas bubbles.

"The vitality of the cultures is of very variable

duration, according to the character of the medium and

the mode of cultivation.

Cultures in sugar bouillon in

Liborius tubes filled with hydrogen were found to be

dead in three days or less.

On the other hand, sugar

bouillon cultures in Buchner 1 s jar may survive four
months and longer.

Cultu�es in sugar media are shorter

lived than those in plain media.

Cultures in tubes

hermetically sealed after two or three days• growth

The thermal death point, deo·
termined by Sternberg's method, was found to be 58 C.

survived several months.
for ten minutes.

�Experiments upon animals were made chiefly to

elucidate the relation of the bacillus to the condi

tions found at the autopsy upon the patient.

With one

important exception, to be mentioned subsequently, it

was determined that the bacillus is not pathogenic for
rabbits when introduced directly into the circulation.
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"If the animal be killed immediately or soon after

the intravenous injection of 0.5 to 1 cubic centimeter

of bouillon culture, after eighteen to twenty-four hours
at the temperatu�e of 10° to 20°

c.,

the bacilli are

found abundantly, together with great formation of gas,
in the blood vessels and organs.

The viscera present

the typical characters of Schaumorgane.

All of the con

ditions relating to the bacilli and their production of
gas which existed at the postmorten examination of the

patient were reproduced experimentally in animals.

"When the bacilli are introduced at one place in

the v�ecular system soon after death, they develop in

the course of the vessels into which they have been in

troduced, and the time required for them to appear with

gas formation throughout the vessels is much longer than

when they have been distributed throughout the circula
tion just before death.

"These experiments upon animals were considered to

·favour the view that in the p atient the bacilli had en

tered the oiroulation before death, and probably primari

ly from without through the opening in to thoracic wall
into the aneurismal sac. The multiplication of �he ba
cilli in the vessels and the formation of gas were re

garded as occurring mainly postmortem.
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"The bearing of these observations upon various

conditions of the body characterized by the presence of

gas was considered, particularly upon the reported

cases of death from the entrance of air into the circu
lation and upon oases in which gas, unassociated with

ordinary oadaveric decomposition, was folllld in the blood

vessels after death without the existence of any opening
through which air could enter the circulation.

"In view of the positive result of an intravenous

inoculation of a pregnant rabbit with a culture of the

Bacillus aerogenes capsulatus, especiaJ. emphasis was

l aid upon the possible relationship of this bacillus to

the reported deaths attributed to the entrance of air
into the uterine veins in the puerperal state, after

abortions, and after injections into the uterine cavi

ty.

The explanation of these suggested cases has since

been confirmed.• (99)

Welch and Flexner (99) considered it likely that

the Bacillus aerogenes c�psulatus would be found among

the anaerobic gas-producing bacilli which had been iso
lated from the soil, feces, decomposing matter, and
other sources.

They point out that most of these ba

cilli are motile and sporogenic, and differ from each
other only in such minor characters that their separa
tion into distinct species is impossible or difficult
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at that time, 1896.

They examined the descriptions of

the various bacilli isolated from the soil by Liborius,

Luderitz, Saufelice, and others, but did not find a ba
cillus described which exactly fit the Bacillus aero

genes capsulatus.

They found the same results in the

varieties of malignant edema, pseudo-edema, and Rausch

brand bacilli which had been described.

Mann (60) in his article on gas gangrene in 1894

emphasized that the bacillus of malignant edema is dif
ferent from the Bacillus aerogenes capsulatus.

He

states that the bacillus of malignant edema was first
discovered by Pasteur among his •septicemie•, and de

scribed as "vihrion septique•.

This same bacillus was

found sever�l years later by X:och in the human body and
was called the bacillus of maJ.ignant edema.

Mann, in

his article, writes that a differential diagnosis can't

be made between the bacillus of malignant edema and the

Bacillus aerogenes capeulatus without a bacteriological
examination, as the pathological lesions are quite the
same in both infections.

Mann's differentiation is as follows:

Bacillus of Malignant Edema
Grouping:
Often in pa.ire, joined
together end to end, al
so often in chains.

Bacillus Aerogenes Oapsu
latus
Grouping:
Single or in irregular
clumps, seldom in
chains of more than
three or four.
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llotility:
· Very motile.
Spore Formation:
Rapid development of
1 arge spores •
Behavior in Gelatin:
Rapid and extensive
liquefaction.
Staining:
Special staining shows
many large spores.
Capsule:
Demonstrable.
Pathogenesis:
Inoculation experiments
on animals always cause
death a few hours to a
day or so.

llotility:
Absolutely non-motile.
Spore Formation:
No spores.·

Behavior in Gelatin:
No liquefaction, only
slight softening.
Staining:
Special staining shows
no spores.
Capsule:
Very distinct and thick.
Pathogenesis:
Inoculation experiments
on a.nima.ls a.re often
negative, often no
growth takes place be
fore the animal has been
killed from some other
cause, after which rap
id postmortem develop
ment takes place.

In 1896, Halstead (37) reported a case of emphysematous gangrene.

He, too, emphasized the fact that emphy

sematous gangrene cannot be distinguished clinically
from malignant edema.

He told of Nekins, who, after a

careful study of a.11 the cases reported as malignant

edema, from 1860 to 1892, 52 in a.11, found only 13 �hat

were without doubt cases of malignant edema.

Ohiari (17) in 1893 found the Bacillus coli commune

to be the sole cause of the infection in a fatal c.ase

of septic emphysema which, to a.11 appearances, was
identical with malignant edema.

Halstead (37) believed that the four oases that

Frankel (29) reported in 1894 were caused by the Bacillus

aerogenes capsulatus, although Frankel named it the Ba
cillus phlegmonis emphysematose.

In 1916, Tullidge (89), after many cases of gangrene

in World War I, stated that the Bacillus aerogenes cap
sulatus is not the only organism found in this form of

gangrene.

Upon microscopic examination in twenty-four

cases, he found that Streptococcus and Stapbylocoocus

pyogenes aureus· were closely associated with it, and

that Bacillus proteus vulgaris, Bacillus pyocyaneus and

Bacillus tetani were often present, accompanied by many
other saprophytic bacteria.

Henry and Lacey (42) in 1920 reported that the work

carried out during the War showed conclusively that Ba

cillus welohii could be isolated in the majority of all
cases of gas gangrene.

The bulk of strains isolated had

proved to be non-pathogenic when injected in guinea

pigs.

However, they found that when Bacillus sporogenes

was mixed with it, the strain became pa thogenic.

Up to

that time, other pathogens reported included Vibrion
septique a.nd Bacillus oedematiens.

Vincent (91) in 1925 wrote of bis experiences with

gas gangrene in World War I in 1914.

He found the Vi

brion septique of,Pasteur present in about 10 percent of
the cases, Bacillus welohii in 82 percent, Bacillus

oeaematiens in 4 to 5 percent.

Sometimes he found the

-15Bacillus hietolyticue and the Bacillus fallax in the

same lesion.

He

demonstrated the Bacillus fusiformis

and the Bacillus coli communis.

These he found to be

frequently associated and considered them as exerting an
important associated action in the evolution of the gan

greno-gaseous process.

Manson (61) in 1931, in an attempt to clarify the

confusion caused by many synonymous causative organisms
and to assign a standard nomenclature, gave the follow-

• ing table:
"Etiology:
1. Clostridium welchii - 80-90 percent
B. welch11 - Welch and Nuttal, 1892.
B. aerogenes capeulatus - Fraenkel, 1893.
B. perfringens - Veillon and Zuber, 1898.
B. phlegmonis emphysematosae - Fraenkel.
2. Clostridium edematis mal1gn1 (septique) 10-15 percent
V. septique - Pasteur, 1876.
B. edematis maligni - Xooh and Gaffky, 1881.
B. of Ghous and Sachs, I.
3. Clostridium novyi - 5-6 percent
B. edemat1ens - Weinberg and Sequin, 1915.
B. bellanosis - Weinberg and Sequin.
B. edematis maligni II - Novy, 1894.
4. Clostridium histolytioum
B. histolyticus - Weinberg and Sequin.

"One or more of the above organisms are usually as
sociated with Bacillus sporogenes, Bacillus proteus and
various streptococci or staphylococci.

Bacillus sporo

genes associated with Cloetridium welchii enhances its

virulence four to five times, as do certain streptococ
ci.

Cloetridium welch11 and Clostridium novyi mutually

stimulate activity.

five days."

The average incubation is three to

INCIDENCE OF GAS GANGRENE
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Gas gangrene became of clinical significance in the

Crimean War when sixty-five cases were collected and re

ported by SaJ.leron, according to Warthen (95).

The inci

dence of this infection has increased with each suooeed1ng European war.

Gas bacillus infections have been

less in non-European wars, probably due to the smaller

amount of fertilized terrain.

The trench warfare of the

World War I offered optimum conditions for the develop
ment of gas gangrene.

Taylor (49) demonstrated the

Welch bacillus in 70 percent of the wounds from which

cultures were taken during World War I.

Vincent (91) reported that at the end of World War

I, gas gangrene averaged 0.8 percent in the French Army
at the front; in the English, at the start of the War,

the incidence was high (10-12 percent of wounded) but in

1918, in a series of 40,000 wounded from the army front,·

only 400 cases (1 percent) of gangrene were recorded.

Millar (67) reported that gas infection developed in

1 percent of British and American wounded of the Expe

ditionary Force of World War I.

Manson (61) reported

the incidence in the United States Army during the

World War I as:

wounds of the soft parts, 1.08 per

cent; wounds complicated by bone fracture, 6.26 percent.
Weintrob and Messeloff (97) in 1927 reported
eighty-five cases in the Bellevue Hospital from 1911

-17to 1926, with a mortality of 45.9 percent.

There were

618,105 admissions during this period, or one case for
every 7,310 admissions.

This is the largest series of

cases reported in civil life and furnishes an index to
1

the incidence of gas bacillus infections in urban prac
tice.

Literature upon the civilian incidence is scanty,

but Cramp (21) in 1935 gives a figure of 0.155 percent
among 5,802 cases at Bellevue Hospital.
Although gas gangrene always played a minor role in peace times, during the 1930 1 s its increasing signi
ficance in civil surgery was being recognized according
to Warthen (95).

Once again gas gangrene has an oppor

tunity to assume a major role but methods to combat it
developed in the last decade may succeed in holding it
down to the minor role that it has during peace times.
This may be predicted from the report of Halford (36)
which concerned a large group of soldiers wounded in
Hawaii.

In this large number (unstated) of wounded,

there appeared only 11 cases of proven gas disability
infection, although the expectancy was from 44 to 55
cases.

Sulfanilamide was used in the wound which was

left open.

.MORTALITY OF GAS GANGRENE
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Mortality has a definite relationship to treatment.

With this in mind, mortaJ.ity figures have been included

in the discussion of therapy.

mortality figures of interest.

However, there are some

In 1900, Welch (98) collected 46 proven cases of

gas bacillus infection.
group was 59 percent.

The mortality for the entire

Oramp (20) in 1912 found 187 cas

es in the literature with a mortality of 48 percent,

and reported twenty-five cases from the wards of Belle
vue Hospital with a mortality of 44 percent.

Taylor

(48) reported the mortality in the American Army was

48.5 percent and the British Army was estimated to be

from 20 to 50 percent in World War I. Manson (61) col

lected 5,449 cases from the literature, with a mortalit�
of 38.5 percent.

l

Warthen (96) in 1942 classified mortality in re

lation to therapy as follows:

Roentgenotherapy (prophylactic and/or therapeutic)
18 patients 6 died

mortality 33.3 percent

However, 35 patients were given roentgenotherapy pro
phylaotically and failed to develop gas gangrene.
Therapeutic perfringens anti-toxin

71 patients 21 died mortality 30.9 percent

Sulfanilamide (locaJ.ly and/or generally)
12 patients

4 died mortality 33.3 percent
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Prophylactic (10,000 U.) perfringens anti-toxin
17 cases

5 died

mortality 29.4 percent

8 died

mortality 28.5 percent

Debride1~ent
28 cases

Prophylactic (1,000-2,000 u.) perfrinr;ens antitoxin
19 cases

4 died

mortality 26.3 percent

6 died

mortality 18.2 percent

Amputation
36 cases

Kelly and Dowell (52), most ardent advocates of
x-ray, claim a mortality of 15 percent.
So it is seen that mortality has decreased from
that of World Yiar I with each of the accepted therapeu-

tic measures.

World ,:far II should bring emch lower mor-

tality figures than the previous war.

\,,,,,I

'-'

SY!~PTO'I.ATOLOGY Ali:D DIAGNOSIS

'-11
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Symptomatology and diagnosis before ~orld ~ar I
will not be discussed.

However, criteria included

discoloration of skin, gas in the tissues, a "mousey"
odor, and oain.
Tullidc,;e ( 29) in 1916 wrote concerning gas gangrene
in the First Tiorld War.

He pointe out that it is not

accO'"-P2.niecl by suppuration, but rese~bles a malignant
edema, developing at times in fro~ twelve to ei~hteen
hours after inoculation.

He stained a smear with a

dilute solution of carbol-fuchsin to demonstrate the
Bacillus aerogenes capsulatus, "with its rounded ends
and short thick shape, a contrast to the beveled edges
of the anthrax bacillus or to the slender form of the
bacillus of 111alignant edema".

He described the onset

as sudden anc~ stormy, the limb beco;:,ing swollen and dis-

colored, and painful, the symptor-1s in every way resemb1 ing those of an acute, rapidly prJgressing venous
thror:ibosis, except for the accumul:i.ting gas an6 the

crepitus elicited, and the contused lacerated opening
or break in tbe skin through which the infection had
entered.

In every case uuon pR.lpation if there was no

crepitus, he doubte~ the presence af this infection
'?.nd considered it absent.

He noted that the zone of

inflarmnatory demarcation was more ,)a.inful on pressure

than the oeripheral area, in fact he saw patients go
\,,,,I

-21\,,,I

into convulsions or collapse as the result of

11

slight

tension in the examination of this zone".
In 1817, Harold. Black (4) hac. nine cases for x-ray
examination in which there was no suApicion that any
~as was present, nor was it clinically certain.
these cases, he demonstrated g-as.

In

The cultures made

from the pus or foreihn body showed the Bacillus perfringens.

He described the appearance of gas in tissue

as similar to those seen or pictures of normal body
cavities that contain air--a black area on the negative or a ~bite area on the positive, which contrasts
with the surroundin~ greyness.
In 1917, Judd (47) divided symutoms into early and
late.

The early sy::npta,ns included pain, swelling, and

tension of the wound with rapidity of the pulse.
later sy:nptmns are vesicles, discoloration of the

The
, .

St.:ln,

2:as f or_::a,t ion, and oclor.

~arthen (95) in 1935 stated that excessive pain
in the wound or tenderness over thf, larf?'e vessels supplyine; the part is snc-:~:estive of a bep;inning gas bacillus infecti~n.

?requently, the first sign of early

infection is an increasinv pulse rco.te.
rely on temperature.

You cannot

9y carefnl palpation, the char-

a.cteristic fine crenitus is practically pathoq:no::nonic
of Rn und erlyinE~ gas ~'Jae ill us infect ion.

'-'

Demonstration
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of larc:e smiare-cut Gram-positive bacilli in the thin

brownish offensive discharge C0!!1.plete8 the di3,gnosis for

all practical purposes accordiYJf! to 7larthen.
Grantha:n (35) in 1935 sugsested that diagnosis by
x-ray is sometimes faster as roentgenograris often show
the ~as layers followin§i; up the f2,scial plcmes before

crepi tus ca..n be deter1:-Jined.

Hut, according to him, the

use o: milk cultures for the bacillus i:;ives the informa-

tion within four to ei-=;ht hours.

3ub":-le for:nation and

stor;:1y ferr:ientation within ei;rht hours is prodnced only
by the "felch bacillus ancl the test is (JUicker than the

customary dextrose a?,"ar culture.

Plain whole milk is

boiled and Placed i~ a sterile test tube.

This is then

inoculated with a sterile swab whi::h has been dipped
in the wound.

It is placed in the incubator and ob-

served every two hours.

Bates (3) in 1937 pointed out that since gas gangrene

01:u1

be caused by ciifferent organisms, there will

b~ different reactions in livin~ tissue.

Thus, one

organism may produce gas, another cause odor by putrefaction, while still another might cause ede,IJa.
0ne must be fa::Iiiliar with the Eianifestations of these

various organisms and not depend on one feature of
the disease when ~akin~ the dia~nosis.

'-'
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Qvist (74) in· 194,1 stated,

11

:)iagnosis of gas gan-

grene resolves itself into the collation of evidence
of necrosis of muscle.

The value of any signs a~d symp-

toms must be considered with reference to their nse in
this respect.

These are:

1. General sig:ns, s i::;ns of toxe•da which are not

a'::isolutely diagnostic of muscle nEcrosis; i.e., raised
temperature and pulse rate,
2. Local signs
a. Bacteriology - The findinr of anaerobic

orga.."lis1:1s d.oes not give any information
about the involve:,!cnt of the muscle.

b. Radiology - The demonstration of gas in

a radiopraph does no: prove that this is
being produced by disorganization of

muscle.
3. Clinical sy::1.ptoms and signs
a. Pain - Jnst sug-?esti ve but not al vmys

present.
b. Odor - This is one of th~ most i~portant

clinical sis:ns, because it is probably
due directly to the breaking down of
muscle tissue as distinct froE1 the con-

nective tissues.

The odor of gas gan-

grene is distinct; it is a musty or

'-I
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If it is agreed tr.at

mouse-like srriell.

""'

, 1
t.h e b reaKcown

.t:'
01.

.
.
musc . . . e a 1 one gives
rise
,

to this narticular odor, then this is the
only sign (apart froF direct inspection
of the muscle) that is pathogno:nonic of
f!as

gangrene as compared with anaerobic

celluli tis."
Qvist quotes Ashurst (2) in 1929, who says that in

the Second Battle of the 2.!arne, it became his habit
11

to wander around t'he corridors and smell the patients.

Those that smelled like mice were operated on right

away because they had gas gan?,rene.
could wait awhile 11

The rest of them

•

Qvist•s last ~ethod of collecting evidence is
"4. Inspection of the muscle.

This involves opera-

tion but the diagnosis is always confirmed and the extent of the lesion is determined."
Qvist ouoted Ghormley (33), 1935, as to the criteria of viability of muscle:
it

11

If the ~nuscle is red

be viable; if it contracts when pinched it is

:n~y

us112,lly viable; if it bleeds freely it is probably
viable".
Kelly and Dowell (52) divide diagnosis into three

stages:
11

~

1. Suspected stage.
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The a-ppearance of a snall amount of gas in the
damaged tissues or the demonstration of organisms on
srrears is not absolute evidence that the patient has or
will develou a gas bacillus infection in its true clinical sense .•• These findinfs, when they complicate a
trauma, severe or even :ninor, should be considered evicience of early gas bacillus infection and treatrnent
should be instituted accordingly •••
2. Early staze.

In more advanced stages of the infection,
diagnosis may be based on the findings in the suspected
staQ'e nlus evidence of some o:: the gas-for,ning organisms in culture and siims of extension of the disease •••
The earliest diagnosis of the condition is best made by
x-ray study of the infected area, showing gas in the
6eeo tissues even before it has tine to reach the surface of the

cause toxic sym,Jtoms or beco·ne palpa-

IT□ nnd,

ble ••• Pain is an i nportant early symptom.
0

3 • Late stage •

..• In the late stage the followine: symptoms

and finding-s are present:

odor, which often reaches

you before you reach the p8.tient; locally, often a foul
d_ischarge and. probably some r:!as escaping from the tissues which are discolored, swollen and may be truly

r;anQ'renous; gas often p2.lpable in the tissues and
~
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always demonstrable on the x-ray film.

The patient is

usually toxic in this stage, has fever, increased pulse
and respiratory rates and o'ovions prostration, and he
may

oe

del irio11s or comatose.

count is generally high.

ThE· white blood cell

A mixed infection is present,

and the l:1.boratory is able to demonstrate on smear and
in culture one or more of the anaerobes usually found".
Kelly and Dowell state that two absolute criteria
of diagnosis are an increasing amount of gas and gangrenous changes in the tissues.

'-..I
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Velch 3,nd Nutte.,11 (100) in July and August, 1892~

1

publis~ed a full report of the diRcovery of a gasfor~in~ bacillus found in the patj.ent described here:

The patient had chronic nnlmonary tuberculosis, acute
::niliary tuberculosis, ;:md a lar:2:e sacculated aneurism
of the ascendin0; arch of th8 aorte.., which had ruptured

in two claces.

After reoeated copious hemorrhaReR from

the aneurism, but not imnediately after the loss of
blood, he died..

The autopsy was made in cool vreather,

eL,ht hours after death, wl:ile the body was still warr.a.
The heart anc~ blood vessels everywhere \'!ere found to

contain ?_:as bu'obles in large ainount; gas was also pres-

ent in the subcutaneous connective tissne in some places, in the heart, :nus cl e, 1 i ver

was hemolysis.

2..nd

other organs.

There

The microscooic examination of the blood

revealed tl1e presence of non-r:•otilA, c2"psulated bacilli
in very larc;e numbers wherever gas was found, and no

other snecies of rnicroor?anisms could be detected.

Iso-

lated. in pure culture, the bacillus was found to be an
obligatory a:1aerobe.

Its morpholo.c·ical and biological

properties were studied and are described here under the
section on etiolop:y.

An exact reproduction in every

?articular of the co:idi tion in the body relatinr.,-: to the

:oresence of ;:c:as and cbanpes c2.used by the bacillus was

obtained by the injection o~ pure cultures of the

'-"
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bacillus into the circulation of rabbits shortly before
killinr: the animal.

They made no accurate determina-

tion of the gases produced by the growth of the bacillus but established. by ir-:nition tr.e presence of hydro:":Cn both in the oriR:inal case and in the experimental
2,n i

::1c... ls •

They had no doubts but that the gas found in the
vessels anc organs at the autopsy on the patient was
not atr;1ospheric air, but was produced by the growth of
the bacillus.
Welch anc. Wuttall (100) reviec;Ted the literature be-

fo1·e 1892 on deaths in hum.;m beins;s attributed to the
entrance of air into the veins.

T:1ey were r..ot able to

find any repo1·t of a bacteriolorrical examination of the

blooci in the cases in which gas s1rnposed to be air en-

t erinr:: durir_'~: life had been found :_n the vessels after

death.

They thou~ht that it was s1rrprisinp that no at-

tempt httd. ·oeen made to determine b~r bacteriological

examination whsther or not what was taken to be atmospheric air mi~ht not be generated by the ~rowth of
:nicroorganisns.

They -ooint out thc,t the resnl t of the

examination i!"l. their case must necessarily cast doubt
upon the interpretation previously accepted in many of

the cases renorted a death due to the entrance of air
into the veins.

'-I

~ith their ~ork, they re~oved a link

-29-

'-'

in the chain of evidence; viz., the belief that when

the gas was found in the heart anc. vessels a few hours
after death w-i thout any evidence c,f cadaveric d.eco:11post tion, that was a -oroof that the gas was air, and was
not the result of the development o: a microorganism.
Hereafter, they stfl.te, in all siiliilar cases a careful
bacteriolo;:,:ical examination, including anaerobic cultures, ~!mst ~'Je made before it can be ad:;li tted that the
~as in the vessels has not been generated by microorganisms.
In experirr:entation on animR.ls, ~.'Velch and Nuttall
(100) showed that the bacilli werEi incapable of develop-

ment in t':::.e circulatinr.· blood during life.

If, however,

the bacilli should find access to dead tissue, old fibrinous clots, cavities cnch as the intestine or uterus, under conditions where the amount of free oxygen is
at a mini:num, there they might grow, they specnlate.
By experj_mentat ion on the rabbit, ":\:'elch and Fnt-

t al (100) observed that when the bacilli r.ere introduced at one olace in the vascular system soon after death,
tl:ey developed in the course of the vessels into which
they had been introduced.

The tine required for them

to apnear with gas for:11:1.tion thron~hont the vessels was
i:luch longer tha...'1 when they had been distributed thromr,hout the circulation just before death.
\..,/
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Taylor (86) in 1916 defined gas gangrene as
11

•••

the death of an extensive mass of muscle by the

:::nechanical action of c;,:as produced from a local focus by
saprophytic bacteria. 11

~e uointed out that the s11b-

st2,nces from which the gas is forn:ed are the carbohydrate-containinp tissues, muscle being primarily involved.

He has divided this infection into stages.

The

first stru:::e he ccLlled "dormant", r0presenting the condition found in the n:ajori ty of fresh wounds.

They

foun6 the bacillus in 70 percent of all wounds at a
general military hospital and, in a. greater frequency,
if eXFI.Inined hithin the first few days.

In the first

stage, the bacteria are nresent in the remnants of dead
muscle tissue.

Gas may be clpparent in the depths of

the wound.
The second. st2cge he called that of gaseous distention.

A rapid increase of intramuscular pressure may

nnickly deprive the tissues of blood until p;an9;rene
sets in.
The third stage is the explosive stage which progresses rapidly due to the invasion of the ganP-renous
I>!UScles by the bacilli.

This is accompanied or soon

followed by the sta~e of systemic toxe~ia, collapse
end death.

In rare in~tances, a sta7e of terminal bac-

tere~ia is reached.

'-'
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Taylor notes that some had sugrcsested that absorption of soluble toxic products of the bacteria. breaks
down the nn.tural i:mmuni ty of the patient.
11

exotoxin to be of only slight toxicity.

He found the
Symptoms of

toxer:lia occur only when a large mass of muscle tissue
has been destroyed by the gas; then the putrefactive
e..nd autolytic colliauative necrosis induces rapid and
profound toxic symptoms. 11

The real action of tr.e toxic

nrinciple is, he believes, that of convertinp; healthy
muscle tissue adjacent to the wound into a favorable
medium for grovrth ancl g·as production by the bacteria.
Up to 1917 there were many theories as to the manner of the Pathogenic actions of tbe gas bacillus.

One

theory helc: that the e-;eneral sympto11s in Bacillus welchi i infectionR v.rere due to an intoxication, but this
intoxication was attributet on the one hand to decorrroosition products of the infected tissues> or on the
other, to endotoxins.

Another theory was that tbe

local destruction of tissue, as well as the c;,:eneral intoxication, was due to the fatty acids, chiefly butyric, VThich !'irise as by--products of bacillary multiplication.

Still another theory was that infections by

.Bacillus welchii arose only after the gangrenous condition had been established thronP-1-: the pathological act ions of other Ol'f8,n is'TIS, 1 isted by Bull ( 9) , the gas

'-'

bacillus beinrr unable to initiate the conditions.
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Experiments reported in 1917 by Bull and Pritchett
(10) seemed to renc"ter all of the above theories untenable ancl to establish the fact that the local destruction of tissues and the lethal effects of Bacillus welchii infections are due to a specific bacterial toxin.

These experin:ents showecl that, under suitable cultural
cond.itions, 3acillus v;relchii produced a soluble toxin
rhich, after separation fror•! the ba,cill i, were capable
of causing the essential lesions of gaseous gangrene
and possessed the physical and bioloq:ical properties

of an exotoxin.

They found twenty-nine strains of the

3acillus welchii group producim,: toxins which were

qualitatively indistinguishable.

In 1917 DeKruif and Bollman (;33) experimented on
9.,ni:mals.

They found the primary conditions for infec-

tion are established. by the tissue darna,re from the
wound.

The snores introduced at tttis time are able to

germirn='~te and produce toxin.

The toxin causes necro-

cis which, in turn, furnishes a rnediun for the growth
of new organisus.

After an area of necrotic tissue

sufficient to furnish medium for the growth of an
enor:·,ons number of organis:·n.s is -oroduced, enough toxin
is produced to cause death.
In 1917 Hc!Jee and Dunn (64) infected animals with
the Bacillus aerogenes caosulatus in order to study the

'-'

-33-

'1J

mode of spread into living !nuscle.

They concluded that

the rapidity of spread is accounted for by the peculiar anato:nical structure of muscule.r tissue.

The sheaths

enclosing the long individual fibers are so easily de-

tachable as to form potential spaces into which toxic
materifl,.J.
bers.

CM

readily pass, causinr: necrosis of the fi-

The early selective invasion of single muscles

supports this view.

In 1917 Wallace (92) pointed out that it is rare
to see gas gangrene without muscle injury; that it is
chiefly a disease of muscle, that the lesion in its
early stages may be described as c::. lone;i tudinal one,
so::ie muscles are involved while others escape; that it
is ra.re to find all the muscles of a se?tment of a limb
involved, that there is little tendency for the infection to pass from one muscle to another.

:scnamee and Lulenslci (63) in 1939 described the
pathology as follows:

Under anaerobic conditions and especially in devi t 2,l ized muscle, fsaS bacilli decompose the invaded
tis sue.

The Q'.lycogen preAent, w1wn destroyed, li ber-

ated carbon dioxide.

Toxins are formed by the bacte-

ria anc. calcium salts are freed.

These are thought to

be f 2.vorable factors for the growth of the bacilli.

The toxins &"'ld c~:trbon dioxide saturi'l.te the adjoining

"-'
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n:uocle.

As a result of this, the muscle fibers become

swollen within the sheaths, so that strangulation occurs.

Such dead tissue provides an ideal environment

for spread of the infection.

Fror12 this, one can under-

stanc. why the disease spreads in e longitudinal rfl.ther

than a tr2,nsverse direction.

Under these circumstanc-

es, the muscle fiber is separatec"l_ from the surrounding
interstitial tissue by toxic fluid.

The fiber loses

its striations and. stains a uniforn eosin tint.

As

licuefaction and deco~position progress, the entire
muscle fiber disintegrates.
causes a marked toxe~ia.

Absorntion of the toxins

~hese toxins are strongly

antiphagocytic and, in the case of Vibrion septique,
are :narkedly cardiotoxic.

Septicemia may occur.

In

such instances, the outcome is almost always fatal.
The terminal staP."es of the disease reveal marked reP--ion"tl extension with overwhelminp:- toxewia or septiceuia.
Qvist (74) in 1941 classified gas infections of
wounds into:

1. Sanrouhytic anaerobes, harnless saorophytes
in ulcers, with no pathop;enici ty.

2. Anaerobic cellulitis, pnthogenic organisms

producinf' an infection of the cellnlar connective tissues, gas infection of a wound, or a.naerobic celluli tis.

'-'
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3. Gas gangrene, inYaders of muscle.

"'

Qvist stresses the fact tha.t it is unjustifiable
to label every case

11

gas gangrene' until it is estab-

lished that there is muscle necrosis.

He quoted other

2.nthors who >nade this distinction, including Keen ( 49)
who, in 1918, regarded the distinction as of importance.
Kelly and Dowell (52) outline the pathology of
gas

bacillus infection as follows:
1. Disease or injury with gas bacillus infection

as a co~plication.

2. Pathology resulting directly from gas bacillus

infection.
a. Local changes:
gangrene.

distention, discoloration,

b. Distant changes and effects: the toxins
affect the organs distant from the local
infection.
3. Pathology fro8 secondary infection or second-

ary invaders.
As st atec'l by the::1,

11

the pathology of gas gangrene

must be consi6.ere6 fro,1 two angles, locally through the
direct act ion of the orp:anisme on the tissues, and,
~enerally, throu~h the effects of tJxins on the principal org2~s of the body.
"Local cho.nrJ:es:

A ,1ized. group of organisr.:1s, aer1

o bes a.nc. mainly anaerobes, gain entrance through damaged

"111
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tissues and, growinf:~ in symbiosis, invade, destroy a_nd
produce toxins which give rise to systemic effects.

If

allowed to progress, they turn the local tissue into a
truly gangrenous mass.
11

Before reaching the gangrenous stage locally,

there is considerable sivelling fror1 the gas produced
in the tissues.

This swelling is accornpanied by a

bl ui eh color or sometimes a brownish tint of skin ...
11

!n uddi tion to the swellinp q,nd. !?'as forn:ation by

the saccharolytic orgBnisms, there is a characteristic

odor due to the putrefactive action of the proteolytic
orr0,nisrts.

These organisms attack and soi:ae thrombose

the arteries and veins if the disease is not halted in

its early stages.
11

Distant changes and effects:

The action of the

toxin on the distant viscera is the most important feature of tte disease.

It is this which kills the pati-

ent if he dies during the first three to five days of
the disease.
II r,i
.,,. • 'n
.. OAl.u

d aua,,
,., ,..,, e t o t'ne h ear ,I.v,

l,{l
•

a·ney, a Ci- ren al s,

1 i ver and practically all the major viscera is not ful-

ly appreciated even by surgeons who are greatly afraid
of the disease or its local consequences.

The local

£tan£';rene is not as disastrous as the darna!I'e to the
heart and other viscera. 11

'-I
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According to Pasternack and. Bengstan ( 69), in

\,,,I

experi::1ental ani:nal s, all ani nals which show sy'.r1otoms
succu~b sooner or later while those which survive never show sympto:1s or any late effects.

They told of

Lautenschlacrer' s work which. shmved that the toxic dose
f'.)r rabbits followed the

11

all or none 11 law; i.e., the

smallest amount of toxin which war fatal reacted as
rluickly rmd potently as a consider·aoly larger fatal
dose.

An a:'.uount slightly smaller than the minimal

lethal dose had no effect.

Pasternack and Bengston

emoted Straub arc. Lautenschlar.:er, who found that the
toxi·ri can be introduced into the animal very gradually v:i thout untmivard res11l ts, while the fatal react ion

on the heart is dependent on a certain concentration
of the toxin in the circulatin~ blood.
Pasternack and Bengston ( 69) in 1936, by animal
experimentation, sho~ed that the t~xin acts directly
on the heart muscle ancl oroved this by histologic
studies.

f'.ewell, Dowdy, anc. Vincent ( 80) in 1942 suo;gested
tha,t there is doubt in

2:rene11 really is.
li tis11 '.)r

11

!11[L'T'ly

as to just what

They sursp;est the term

11

11 gas

gan-

p..:as cellu-

clostridium cellulitis 11 not to sup-olant the

term 11 ~as 7an~rene 11 but to provide a category for

milder, borderline and atynical cases.
"-.,I

They point out

,I
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that SOi!'.le cases have become fulminating within several
hours while others develop slowly, some infections in
volve subcutaneous tissues whereas both subcuta..neous
tissue and muscle are involved ir, others, even though
p'-:l.tients are eoually sic1';:.

Their criteria for

11

gas

gang:rene i ' is (1) positive cultures of Clostridiun wel
chi i; (2) spreadin� infection; (3) gas in the tissues;
and ( 4) discoloration and edema of the involved struc
tures.
It has been lon7 recognized that the main habitat
of the gas ge....ngrene bacilli is the soil, especially
n urn.erous around barnyards and in highly fertilized
areas.

They are a widely clistribnted organism.

Some

contend that they are norr,1ally present in the hn::nan in
testinal tract.

This had led others to specl.llr-tte as

to why the body doesn't develop the infecti:,n in such
conc'l.i tions as intestinal obstruction or perforation,
when conditions would be optimal.
A.lth'Jugh t�e q'aS r:,:-angrene bacilli are most numer
ons in the soil an6 most infections develop in traumat
ic wouncis contaminated with soil, it must be re:ne;nbered
ttat some cases have been repartee� in which the infec
t ion developed after r:1edicinal in:ections.

Harney (38)

in 1939 reported 85 cases from the literature of gas
?angrene developin: as the result of subcutaneous or
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intramuscular medicinal injections with a mortality o-f
88 percent.

Kelly and Dowell (52) likewise reported a

few cases with a similar hii::h ::1ortal i ty.
0ross Patholorry
Tulliclge (89) in 1916 noted that the gangrenous
tissue is, for the most part, lacerated i!l. texture, givin:l a greenish-black or dark blue, strinq:y, pulpy,
stinkin:~ character to the area.

He thinks that the ex-

ternal gas bleb, so often spol:::en of, is seldom seen,
that this is a rare rather than conmon phenomena.

Fur-

ther, he says that the infection is extremely violent,
of a nature sufficient to devitalize the tissues.

He

r-:itates that it is r'.1ore rapidly destructive and widespread

tha.n any other form of necrosis.
Boyd ( 8) states that the ::-auscle is at first a dull
red which becomes ~reen or black.

"Bubbles of foul-

s:nelling ;,;as and blood.-stained fluid can be pressed up
and dovm the lenr.:th of the muscle • 11
TTicroscopic Pathology
Tullidge (89) found microsconically that the tissue cells involved are more homo9;e11eo11s than normal
and the nucleus is unable to retai~ the stains.

The

fibers of the connective tissue swell and becone dis-

tinct preparatory to solution, he found.

'-I
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Welch

R...11.c.

Huttall (100), upon microscopic examina-

tion of the organs, observed around masses of bacilli
::requently, but not always, disapnearance of the nuclei
and degenerative chano:es in the cardiac muscle cells
and the eoithelial cells of the liver and kidney, especially in the neiF2:hborhood o:: the gas blebs, in the
walls of which the bacilli were often densely accumulated.

Boyd ( 8) states:

11

1'.icroscopically the sarcolemrna

is seen to be separated from the fiber by a space filled v:i th toxic fluid, so that the fiber loses its blood
supoly and ouickly dies. 11

'-'
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TR?;AT~fENT OF GAS GANGRENE
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Surgery and Surgery Combined with
Other Treatment
In the early treatment of gas gangrene of the extremity, amputation was the procedure of choice.

In

1846, Velpeau (90) wrote , "The emphysema which is
sometimes added to the complications of fractures,
even from the first day and before the appearance of
any symptoms of gangrene or infl am~ation, is one of
those accidents , which , under such circumstances, must
emphatically indicate amputation .

Though no person

has hitherto pointed it out, I have noticed it in six
cases and three out of five, in whom the leg was the
seat of the disease, died ."
In 1863 , Cadge (13) came to the following conclusions af ter having much experience with gangrene :
1. Mortification should cease before amputation.
2 . Death seldom occurs during spread of gangrene.
3 . The patient will be in best condition after
mortification has ceased.
4 . Amputation should be done through the granulations at the line of demarcation , or i mmediately
above it.
5_. Free incision should be made into the mortified parts during the extension of the gangrene.
6 . When the gangrene has ceas ed, the ti me chosen
for amputation must depend on the condition of the
patient .
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11

Spreading 11 gangrene especially requires the

surgeon to wait for the arrest of the mortification .
In 1896, Welch and Flexner (99) reported several
cases in which the Bacillus aerogenes capsulatus was
found during life or at autopsy .

The first case was of

a thirteen- year old boy with a gunshot wound of the

left knee .

Treatment consisted of a wide opening of

the joint and irrigation with sublimate solution (1 to
1,000).

Because of fever, and infection above and be-

low the joint seven days later, the thigh was amputat ed at the upper third .
method in the bath .

The wound was treated by open

The boy recovered .

The second patient was a man with gas gangrene in
his lower leg .

Free incision failed to hold the in-

fectious process in check, but a,_mputation at the thigh
saved his life .
The third case was of a man , a most extensive gas
gangrene following traumatic rupture of the rectum ,
the process extending rapidly from the ischio- rectal
tissues through the sciatic notch into the gluteal region and down the thigh, nearly the whole l ower ext r emity being involved .

Fr ee incision from the tuberosity

of the ischium to the popliteal space failed to save
his life .
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The fourth case was of a man with gas gangrene associated with a compound comminuted fracture of the
patella.

Although the joint was opened freely, the

patient died within forty-eight hours of injury.
The fifth case was of a man with gas gangrene in a
crushed forearm.

Emphysematous crackling about the

rist was not noticed until thirty-three hours after
injury.

Two hours later, amputation midway between the

elbow and shoulder was performed.

The man recovered.

The sixth case was of a seventy-four year old woman.

Emphysematous crackling could be felt over the

whole arm as far as the deltoid muscle.
condition of the patient was bad.

The general

The arm was amputat-

ed near the insertion of the deltoid.

The patient im-

proved until four days later when sympto ms of tetanus
appeared.

The patient died.

The preceding six cases were all severe infections
caused by the Bacillus aerogenes capsulatus.
recovered with amputation.

Three

Amputation failed to save

one, although it was thought she died of tetanus.

Free

incision failed to save the other two.
In 1896 , Halstead (37) reported a case of gas gang rene.

It was treated by putting copious wet boric

acid dressings into the wound.

The patient died.

treat ment he said, "Only in those cases where the

Of
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infection originates in a wound of a small member ,
as the finger or toe , and when the nature of the disease
is recognized early, can we hope for ~ecovery .

Fran-

kel's (29) suggestion that cases may be treated successfully without amputation, by making free incisions and
exposing the infected tissues to the action of the air,
will probably not be followed by many surgeons.

The

chief reliance will be placed on early amputation far
above the infected part .

In cases where the infection

starts in the body or near it, so that it soon passes
beyond tissues that may be amputated , all prove fatal . 11
In 1899, Dr . Bloodgood (73), from a relatively
large experience, states, rtrf the infection is recognized early, and the destruction of the soft parts and
bone is not extensive, free incision with immediate
continuous bath treatment should be tried .

If the gen-

eral symptoms of infection are not immediately relieved, amputation should be done.

If, however, the infec-

tion is recognized late, one should take no risk but
amputate at once . .• An early diagnosis will probably
s.ave life, and from many observations an amputation may
not always be necessary . 11
In a series of 46 cases of gas gangrene collected
by Welch (98) in 1900, of the cases of gas gangrene
affecting primarily the extremities, the recoveries
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numbered 68 percent after amputation, and 33½ percent
after incision without amputation.

He points out that

careful study of indi~idual cases show that amputation
is by no means always necessary, everything depending
on the early recognition of the nature of the infection.
In 1912, Cramp (20 ). advocated more conservative
measures and reported several cases successfully treated by multiple long incisions through the involved area
followed by compress of hydro gen peroxide.
In 1916, Tullidge (89) wrote on gas gangrene in
the First World War.

He pointed out that amputation

of the infected limb far above the seat of the invasion
or crepitus had been the teaching and practice in gas
gangrene infections fro m long before the Civil War up to
his writing .

He employed this method in twenty-four

cases with seven deaths, a mortality of 30 percent.
However, one case arrived with a wide involvement of
t he t hi gh, hip joint and abdo minal muscles.

As ampu-

tation was out of the question, he opened the area
widely with large incisions through the skin and muscular tissues.
cut away.
wound .

Areas of gangrene and dead tissue were

Hydrog en peroxide was forced into the open

After lingering several da ys with marked indi-

cations of sepsis, the patient rapidly improved and
soon recovered.
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Tullidge treated 177 c ases that followed in a simil a r manner.

He advised care in examining all tendinous

sheaths bordering on or near the infection and after
removal of gangrenous tissue spraying hydrogen peroxide into every corner and crevice.

After this, a wet

dressing of sublimate solution, one in 1,000, was applied.

As a result of this treatment, not one of the

177 patients was lost.

In his words,

11

All ended in

recovery, and amputation for gas gangrene became a
practice of the past."
Tullidg e described the phenolization treat ment
described by Menciire.

It consisted of a long incision

and excision of gangrenous parts, followed by a blocking of openings with tampons and a holding of the edges
of the wound with forceps in order to form a hollow
into which was poured a solution of crystals of nine
p arts pure phenol and one part alcohol.
cesses were swabbed out.

All small re-

This solution was allowed

to remain in contact with the wound from one to one
and one-half minutes.

Then all eoccess of phenol was

removed and the wound was irrigated with a strong solution of alcohol.

Afterwards, six to eight ounces of a

solution consisting of one liter of ether; ten grams
each of iodoform, guaiacol, and eucalyptol; thirty
g rams of bals am of Peru; and 100 cc. of_ ninety percent
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alcohol.

Wrote Tullidge, "This, all will agree with

me, is a tedious treatment when we can arrive at the
same results by a much simpler, quicker, less expen
s1 ve method. 11

Taylor (87) in 1915 experimented with quinine

hydrochloride in the treatment of gas gangrene.

He

chose quinine because of its antiferment action, "since

the activity of the Bacillus aerogenes capsulatus of

Welch (frequently termed "perfringens") seemed to be

due to or associated with an active ferment elaborated

by the growing organisms".

He had such good results

experimentally that he started using a 1 percent solu

tion of quinine hydrochloride in some of the wards for
the treatment of gas gangrene and other infections.
He would publish the results later.

Lawson and Whitehouse (56) in 1915 wrote up 18

cases of gas gangrene caused by war wounds.

They be

lieved that amputation is unnecessary unless ,the whole

of the tissues above the infected area is contra-

indicated and may prove fatal from shock.

Their method

of therapy included removal of dead and dying tissues

plus infiltration of the healthy subcutaneous tissues

with oxygen, in the form of hydrogen peroxide, above
the line of spreading gangrene.
by infiltration, 12 were cured.

Of 15 cases treated

This is a mortality

-48of 20 percent.

Of the 3 cases not treated by infiltra-

tion, all died.
Taylor (86) in 1916 divided gas gangrene into several stages.
or

11

He thinks that transition from the first

dormant 11 stage is dependent on the two factors,

the presence of muscle debris and obstruction to the
escape of the products of the bacteria growing in this
debris .

Therefore, on this conception, the treatment

of such gaseous infection is indicated.

It consists in:

1. Prophylactic treatment during the dormant stage.
2 . Treatment during the stage of gaseous distention.
3. Treatment of accomplished gangrene .
Prophylactic treat ment includes an attempt toward
the removal or destruction of the bacteria in the wound
and taking away of dead muscle , and the institution
of precautionary measures a gainst the occurrence of
gaseous distention.

For an antiseptic, be found 1 per-

cent solution of quinine hydrochloride to be effective clinically.

He thinks that the use of antise ra

and vaccines is of doubtful value when it is considered that the organism is a saprophyte which has not invaded living tissue, and that the damage done to the
tissues is of a mechanical nature.

He also points out

that it is very uncertain that the muscle toxic,
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he molytic principle formed by the bacteria is a true
s oluble exotoxin for which an anti t oxin serum can be
produced .

In order to avoid the accident of gaseous

distention, he kept the wounds as widely open as possible by means of a loose p ack of gauze soaked in some
et dressing , preferably the quinine solution .

He

warns that any form of bandage , or splint which increases pressure in t he neighborhood of the wound or
block s the escape of gas, such as tight circular bandag es, circular plaster casts, and so forth , must be
avoided .
Treat ment during the st age of gaseous distention
includes mak ing many incisions to relieve the gas ,
removal of any necrotic part, and perhaps irri gation .
In the treat ment of the last stage, gangrene,
Taylor states, if incision into the muscle shows a
pale, dry, dull, pink surface, and a consistency as
if wrung dry of blood and lymph , the condition of gang rene is probably accomplished and gangrenous tissue
should be removed a s thoroughly and quickly as possibl e .

This he accomplished by ampu tation, if the pro-

cess was in an extremity .
Raycroft (40) in 1915 reported his results of
treat ment in a Clearing Hospital as follows :
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No . of
Cases
5
Treated by amputation ?arm
(total 21)
leg 16
Treated by incision
and drainage (4)
No treatment

(2)

Total

Cured
5
11

Died

Mortality %

0 )
5 )

23 . 8

4

4

0

nil

-272

-200

-2

.
-100
26.59

7

He advocates free opening of the wound with counter
incision, with drainage if necessary, all dead tissue
removed, and the cavity syringed with hydrogen peroxide ;
continuous immersion is best .
tion are :

Indications for amputa-

(1) spreading infection, or signs of septic

absorption, and , (2) gross injury to vessels or bone,
except where continuous immersion is possible .

Of in-

terest is his advice to use carbolic acid in the wound
rather than hydrogen peroxide in "those that are not
obviously infected" .
Fraser and 3ates (31) in 1916 treated gas gangrene

.

with free incision and drainage , plus intravenous injection of hypochlorous acid (Eusol) .

The runount that

they used varied greatly as did their results .

Their

experience of wound infected with the organisms of gas
g angrene confirmed their views that the absorption of
toxic products fro m the gangrenous tissues constitutes
a serious menace to life .

They admit that the bacteri-

olog ical data had not , as yet, justified the position
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that the earlier symptoms of a general effect on the
body a re due purely to the absorption of poisons fro m
t he original site of bacterial infection.

They refer

to Weinberg and Sequin as having shown that the organis ms do produce definite toxins.

Through their experi-

ence, they felt justified in saying that the effects
of those toxins coul d be combatted by the use of hypochloroue acid, and after neutraJ.ization of those effects occurs, the patient's body is in a better position
to throw off the infection.
In 1917, Frankau , Drummond , and Neligan (30) reported on the successful conservative treatment of
early gas gangrene in limbs by the resection of infected muscles, the wound being covered by one or two layers of gauze with constant or intermittent irrigation
of the wound by some modification of the Carrel method ,
eusol, saline, or hydrogen peroxide.
cases with mortality of zero.

They reported 14

They found that infec-

tion ran in a longitudinal manner, and there was little
tendency for infection to pass fro m one muscle to
a nother.
We have seen that locaJ. excision of diseased
muscle was practiced occasionally in civil surgery
but that not until World War I was the value of debridement fully appreciated .

At t he close of the war,

-52the treatment was well standardized:

removal of de-

vitalized mus cle, foreign bodies and bony fragments;
separation of uninvolved muscles ; wide separation of
ound margins, and insertion of Carrel tubes for subsequent irrigation with Da.kin's solution.
The next change of therapy came with the introduction of the sulfonamides and x-ray.

Most recent papers

include debride1jent and the sulfonamides in their course
of treatment, as do Warthen (96) and Warfield (93).
The work of Kelly and Dowell (52) with x-ray must not
be overlooked and is included here.
Kelly and Dowell (52) had this to say concerning
surgery:
"The x-ray has completely eliminated extensive
surgery as a means of treating gas gangrene itself during its acute invasive stage.

Any surgery indicated

by the initial injury or disease should be performed,
but no surgery directed toward the treat ment of gas
gangrene itself is required with the occasional exception of a few incisions to relieve local tension caused
by deep gas pockets or collected serum.

Amputation and

extensive debridement are now obsolete procedures in
the toxic stage of the disease, and have been practic- ·
a lly eliminated after the disease has subsided because
they are seldom necessary.

They should never be

-53necessary, if treatment is started early and has been
properly given . 11

They reported on cases at their dis-

posal up to May, 1940, concerning amputations as a
therapeutic procedure:
Cases

Died

A. Therapeutic amputations, after trauma (no diabetic or
arteriosclerotic cases included) - - - - - - - - - - -

16

8

(12.1%)

B. Traumatic or essential amputations (tissue removed immediately because of severity
of injury) - - - - - - - - -

55

5

(9.0%)

C. No amputations after trauma
(extremity involvement, no
amputations) - - - - - - - -

176

18

(8.5%)

6

0

(0%)

D. Deferred amputations (performed after gas bacillus infection had subsided) - - - - -

arthen (96) in 1942 reviewed treatment of gas gangrene in the tledical College of Virginia Hospitals, and
suggested course of treatment, prophylactic and therapeutic :
11

Debridement; sulfanilamide 10 gms . in wound to be

closed, if left open, use 20 gms . sulfanilamide ; if
fracture present or if near a joint, part is immobilized by plaster; 1500 units tetanus; prophylactic or
therapeutic dose of perfringens antitoxin ; as soon as
possible postoperative roentgenogram; prophylactic
x-ray, as outlined by Kelly ; 12 hours later, second

-54x-ray and x-ray treatment; third roentgenogram 24 hours
after injury; 6 grams of sulfanilamide or sulfathiazole daily for the first 48 to 72 hours.
"If gas gangrene develops, immediate debridement
or open amputation depending on the degree of involvemen t and circulation distal to the infection; roentgenotherapy and the sulfonamides should be continued;
blood as needed. 11
arfield (93) in 1942 summarized therapy as follows:
11

1. The early and thorough surgical care of infect-

ed wounds is the most important prophylactic measure .
Amputation should probably not be employed early in the
course of the infection.
11

2. Anti-gas serum, though still of debatable

value, is probably of more value as a prophylactic
agent .
11

junct.

Larger dosages are recommended by some authors.
3. X-ray therapy appears to be a valuable adMore extensive use of this harmless modality

is certainly justified.
11

4. The early local application of sulfathiazole

is of value prophylactically .
"5. Gas gangrene is such a rapid, crippling and
often fatal infection that one is not justified in
omitting any prophylactic or therapeutic procedure
which offers any hope of benefit. 11

Gas Gangrene Serum
Prophylactic
ith World War I came efforts to develop a gas
gangrene antitoxin that could be used for prophylaxis
and treatment.
In 1917, Bull and Pritchett (10) established that
the Bacillus welchii produces an exotoxin capable of
causing the essential lesions of gaseous gangrene.

In

fact, twenty-nine strains of the Bacillus welchii group
were found to pro~uce toxins qualitatively indistinguishable.

They obtained an antitoxic serum by immuniz-

ing animals with the toxin from any individual strain.
They were able to confer on guinea pigs a passive immunity of about two weeks' duration to Bacillus welchii
toxin through a protective administration of the antitoxin.

Guinea pigs which had received a prophylactice

dose of Bacillus welchii antitoxin exhibited pronounced resistance to infection with the virulent bacilli
for a period of twelve days.

At this time, some thought

that it would be possible to prevent gas bacillus infections in man through a protective use of the anti toxin, and that developed cases of the infection might
be controlled by therapeutic applications of the same
agent.
In 1917, DeKruif and Bollman (23) repeatedly
tried to produce active immunity in rabbits and guinea
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pigs by tbe injection of killed washed organisms, and
by injection of bacteriolytic serum .
failed .

All attempts

So they concluded that it is difficult to

cause an opsonic or lytic immunity against Bacillus
welchii .
Antitoxin as a prophylactic measure against gas
g ang rene was a failure in the ~orld War I .

This was ,

no doubt, due to the monovalent character of the serum.
Some thought t hat the antitoxin was of benefit
and continued to recommend it .
Vincent (91) in 1925 gave the indication for prophylactic serum:

11

All deep wounds, all open and com-

pound fractures of the extremities contaminated by
eart h , fec al material, manure , etc., demand , especially

if they are treated late, the preventive injection of
the antigang renous serum" .
Dickinson and Traver (24) in 1928 recommended 30
to 60 cc . as t he prophylactic dose, injected intramuscularly .

Also, when gas gangrene has developed , 60 to

100 cc . of serum should be given i ntravenously i mmediately and the injection repeated every six hours or
qftener as the exigencies of the case de mand .

Further ,

they recommended th at the serum should be heated to
body temperature ; an intradermal test should be made;
and when the serum is given intravenously , it should
be injected very slowly , less than 5 cc . per mi nute .

-57Gradually the polyvalent antiserum was being used
in prophylaxis.

Warthen (95) in 1935 reported the

treatment for gas gangrene at the Medical College of
Virginia Hospitals.

All penetrating or crushing injuri-

es were treated as potential ga~ bacillus infections.
Debridement was done.

After testing the patient for

sensitivity to horse serum, a prophylactic injection of
five cubic centimeters of gas gangrene antitoxin was
given intramuscularly.

This contained 1500 units of

antitetanic serura and 1,000 units each of Bacillus welchii and Vibrion septique antitoxin.

A second prophy-

lactic injection was frequently given twelve hours
later.

In very extensive injuries, a therapeutic dose

of twenty cubic centimeters, containing 10,000 units
each of Bacillus welchii and Vibrion septique antitoxin was injected intramuscularly.
He admitted that prophylactic injections of the
antitoxin were not always preventive, but believed that
it was of definite value even in the case which subsequently developed gas gangrene in that they were milder
and more amenable to subsequent specific therapy.
Bates (3), in 1937, reported a group of 32 cases.
He recommended prophylactic antitoxin in all wounds
potentially infected by gas bacilli .

This was 1,000

units of perfringens and 1,000 units septique.

He
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admitted that occasional cases did develo~ gas gangrene, despite prophylactic serum, but believed that
the prophylactic dose should have been increased or repeated early.
McNamee and Lulenski (63) in 1939 recommended that
2,000 units of gas gangrene antitoxin, along with 1,500
units tetanus antitoxin, should be given in suspicious
wounds.
Holmblad and 1,f.a tson ( 43) in 1940 believe that the
non-dependability of the serum is probably due to inadequate dosage rather than the absence in the serum
of other gas-producing organisms .

They suggest using

the therapeutically prepared dose of 20,000 units for
prophylaxis and . injecting the antitetanic serum separately .
Gordon and McLeod (34) in 1941 concluded from
experimental studies that the serum was more effective
as a prophylactic than as a therapeutic agent.
Warthen (96) in 1942 made a study of various preventive and curative measures used in the treatment of
gas gangrene at the Medical College of Virginia.
Various types of treatment are considered separately,
although they were usually used in conjunction with
other forms of therapy :
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Perfringens antitoxin prophylactically
37 patients developed gas gangrene
10 died; mortality 27 percent
No perfringens antitoxin prophylactically
34 patients developed gas gangrene
12 died ; mortality 35 . 5 percent

The patient who did not receive perfringens antitoxin as a prophylactic measure was usually either admitted after the onset of g as gangrene or the possibility of gas gangrene was not considered until the
infection was evident and sometimes advanced .

So this

is not a fair evaluation of the prophylactic value of
perfringens antitoxin .

They had been giving one to

two thousand units and thought perhaps a higher dose
mi g ht be better ; therefore , ten thousand units or more
was g iven with a greater mortality.
Warfield (9 3 ) in 1942 summarized gas gangrene
antit oxin,

11

anti-gas serum~ though still of debatable

value, is probably of more value as a prophylactic
agent 11

•

Gas Gangrene Serun
Therapeutic
In 1917, Bull (9) reported that a few cases of
gaseous gangrene in man had been treated in which the
efficacy of the antitoxin was unmistakable .
Ivens (44) in 1918 used serums in an attempt to
prevent and cure gas gangrene .

He used (a) mixed

serums anti- perfringens , anti- Vibrion septique , and
anti-oedematiens; (b) polyvalent serums including the
anti- streptococcus; and (c) a combination of the two .
He found that the serum was valuable in preventing the
incidence of gas gangrene, not replacing but assisting
surgical treatment .
as a

11

He wrote that it has great power

disintoxicating agent if used in sufficient

uantities" .
McGlannan (62) in 1918 treated three patients by
the accepted excision and disinfection, plus Bull ' s
(9) serum.

Two cases recovered .

He wrote that the

antiserum would stop the local growth of the bacteria
and the systemic effect of the toxin .

He gave 5 to 15

thousand units intravenously .
Henry and Lacey (42) in 1920 reported that in the
earlier stages of the World War I, Weinberg produced
sera against Bacillus welchii, Vibrion septique and
Bacillus oedematiens, and, after proving their value
in laboratory experiments, had proceeded to treat cases
of human gas gangrene occurring in French units .
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The Germa..Tls also had produced a serum which they
claimed to be very effective and were using it in the
summer of 1917.

Henry and Lacey examined it and found

t hat it contained little or no Bacillus welchii antitoxin, nor Bacillus oedematiens.

The reputed prophy-

lactic and therapeutic value lay in the presence of a
relatively small amount of antitoxin to Vibrion septique.
Attempting to perfect their serum, Henry and Lacey (42) experimented on guinea pigs .

A welchii- septi-

que antitoxin was found to protect guinea pigs against
thirty-three out of thirty- four pathogenic cultures,
derived from fifty cases of acute gangrene .
protect in the remaining eleven cases .

It did not

These included

5 strains of Bacillus oedematiens, 3 strains of Bacil-

lus fallax, 2 strains of unidentified anaerobes, and a
combination of Bacillus welchii with a strain of Bacillus histolyticus.
Vincent (91) in 1925 wrote of his attempt to prepare a serum in 1914.

He found through experimentation

and observation that the maximum activity of the mi-

crobes of gaseous gangrene resulted from their combined
action.

,

Therefore, in order for him to obtain these-

rum possessing in turn the maximum therapeutic and preventive effect, he i11Lmunized horses which produced the
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serum with a mixture of the different pathogens responsible for gaseous gangrene .

For the preparation of his

polyvalent serum , he used twenty strains of species of
microbes, including :

•

Bacillus perfringens, Vibrion sep-

tique, Bacillus oedematiens, Bacillus histolyticus,
Bacillus fallax, Bacillus sporogenes, Bacillus putrificus, etc .

This serum was used for the first time in

1917 during the War, both in prevention and in treatment.
Re used 20 cc. as a preventive dose .

He reported that

during the War not a single case of gaseous gangrene
was reported to him among the many wounded who had received the prophylactic injection.

As far as treatment

is concerned, Vincent praised his polyvalent antiserum
highly, which, he considered, was warranted with the
favorable reports from the battlefield.

He and Stodel

published statistics on the curative action of the polyvalent serun which .showed a mortality of only 14.81
percent .
During the last year of the War, other Frenchmen
who helped produce polyvalent serum were Weinberg and
Sequin, Stodel, Sacquepee, and DeLavergne (24).
Larson and Pulford (55) in 1930 considered serotherapy to be a most i mportant factor in the control of

gas gangrene.

They used serum of anti-Bacillus per-

fringens, anti-Vibrion septique, and anti-Bacillus
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oedematiens, both intravenously and locally.
tion, they used debridement and irrigation.

In addiIn many

cases, the anaerobes were controlled.
Burnett (11) in 1932 believed polyvalent anaerobid antitoxin to be second in importance only to surgery.

He believed that therapy had been inadequate in

that small doses were used just as diphtheria and tetanus antitoxin was used when first introduced.

He

found that one to three therapeutic doses , 10,000 to
30,000 units of polyvalent anaerobic antitoxin given
intravenously every 4 to 6 hours produced the most
dramatic recovery.

His therapeutic dose was 20 cc. of

concentrated, or 100 cc. of unconcentrated serum, representing 10,000 units perfringens, 100 units Vibrion
septique, 200 units oedematiens, 200 units sordellii,
and 25 units histolyticus.

As far as mortality is con-

cerned, Burnett quotes Van Buren's figures of war injuries of 1168 cases treated without serum, the mortality was 26 percent, and of 575 treated with it, the
mortality was only 6 percent.
Kling (53) in 1930 experimented with normal horse
serum in the treatment of gas gangrene .

He became in-

terested in horse serum as he had four cases of gas gangrene when there was no antitoxin serum in the city and
he knew that in a similar emergency in World War I,
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good results were noticed with use of horse serum in
toxic bacillary dysentery and Paratyphus A.

The clini-

cal observations in this material suggested a detoxi cating effect .

Through experimentation , he found that

its action must be based on unspecific destruc tion of
toxin .
Warthen (95) in 1935 reported the treatment for
gas gangrene at the Medical College of Virginia Hos pitals .

If gas gangrene was diagnosed, a debridement

was immediately done and dry gauze was packed in the
wound.

The dressing was moistened at hourly intervals

by one of several solutions including Dakin ' s solution ,
potassium permanganate (1 - 5,000) or one- half strength
hydrogen peroxide.

Therapeutic doses of gas gangrene

antitoxin were injected intramuscularly or intravenously at intervals of four to eight hours , depending
upon the extent and virulence of the infection .

Only

in the exceptional cases was it necessary to resort
to gu illotine amputation in order to check the spread
of the infection .

Because of blood destruction inci-

dent to gas gangrene , frequent transfusions were given .
Following this method in fifteen cases of gas gangrene ,
only one fatality occurred, and only three amputations
ere necessary .

Comparing this result with earlier

non- antitoxin cases indicated to Warthen that the
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gas gangrene antitoxin .
art hen (95) in 1935 believed that surgery had not
been supplanted by the combined antitoxin but that by
co mbining the two measures, the mortality would be lowered and· conservative operative procedures could be substituted for mutilating a mputations .

He reported 9

cases treated surgically , 8 amputations and 1 debridement , with 1 death (11 percent mortality) .

There were

15 cases treated by combined surgery and antitoxin , 3
amputations, 12 debridements , with 1 death (6 . 6 percent
mortality) .

.,

Eliason (25) in 1937 , basing his conclusions on
collected cases , stated that antiserum with conservat ive surgery was the method of cho i ce , as opposed to
a mputation .
Bates (3) in 1937 reported a group of 16 cases of
gas gangren e treated wit hout serum, the mortality 50
percent .

In a group of 16 cases treated essentially

wit h serum, t he mortality was 18 percent .
Craig (19) in 1938 reported ca ses successfully
tre a ted with large doses of antitoxin and recommended
an initial t herapeutic dose of 50,000 to 100 , 000 units
and a total dosage of as much as 250,000 units given
both intramuscularly and intravenously .
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Kelly and Dowell (52) in 1942 state that when
x-rays are used properly, no type of cases see ms to do
any better with serum than without it, and in some
types of cases (children, diabetic, and arterioaclerotic) the mortality is increased when serum is used .
They found that many patients who ~have failed to respond
to serum have responded promptly to the x- rays, but in
no case has any patient who failed to respond to x- rays
responded later to serum.
Erb and Hodes (26) in 1942 state that in experiments conducted on pi geons, irradiation used in conjunction with serum is a detriment rather than a benefit.
Serum alone was of value in saving the lives of the
majority of t he pigeons .

It is to be remembered that

this is animal experimentation .

.

Sulfonamides
Prophylaxis and Treatment
The activity of sulfonamides against anaerobes .
The earliest reports on sulfonamides seem to be
those of Long and Bliss (58) who found that sulfanilamide and uleron would save mice from infection with
Clostridium welchii .

Bohlman (6) in 1937 treated three

cas~s of gas gangrene with sulfanilamide and obtained a
prompt response .
Experimentally, with the outbreak of World War II,
work was started in France where Nitti (68) in 1939
made experimental wounds in the dorso- lumbar muscles
of rabbits.

He applied a small co~press of gauze soak-

ed in a culture of streptococci , and on top of this
about 1 gram of sulfanilamide, the skin being finally
closed .
hours .

The controls died in twenty-four to forty- eight
Treated animals were still alive forty- eight

hours later; the wound was reopened, the gauze removed,
and new sulfanilamide added; under these circumstances
most of the treated animals survived .
Legro1ix (57) in 1940 used a similar technique , the
wound bein g dusted with sulfanila.mide and infected by
the insertion of a piece of cloth soaked in a culture
of Clostridium welchii or Clostridium histolyticum .
Controls died in two to three days .

Animals which had

received sulfanilamide died after four to seven days;
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but if the wound was reopened, the cloth removed, and
new sulfanilrunide added, they survived.

Delay of the

treat ment for more than one hour after insertion of the
culture or administration of the co mpound by mouth instead of by local application , resulted in death of the
guinea pi gs.
Stephenson and Ross (82) in 1940 investigated the
effect of these co mpounds in mice , the bacilli being
injected intraperitoneally or intramuscularly, and the
drug being given orally .

In the case of Clostridium

welchii, they found that sulfanilamide and sulfapyridine would protect many of the animals.

With Clostridi-

um septique, sulfanilrunide had little action, but sulfapyridine in larg e doses saved 50 percent of the animals .

With Clostridium oedematiens, neither sulfanila-

mide nor sulfapyridine had any effect .

In most cases,

treatment with serum was better than treatment with
drugs, but the best results were obtained by a combination of the two.

Henderson and Gover (41) in 1940 ob-

tained roughly similar results .
Love (59) in 1940 outlined treat ~ent of gas gangrene in World War II .

As soon as edema and cellulit-

is are clinically evident, the patient receives an
immed iate intravenous injection of sulfapyridine in
soluble for-n, the usual dose being 3 c. cm . (1 gram in
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17 c.cm. saline) .

This is followed by t wo tablets of

sulfapyridine, four hourly for twenty-four hours, after
which the dose is diminished .

In addition, surgery is

employed without delay to remove foreign bodies, loose
bone and for ef f icient drainage .

Love did not tell

the number of such cas es he tre ated , but he did say,
11

S0 far, in all cases the condition of the patient

r apidly i mp roved, and the pulse and temperature speedily approximated to normal. 11

He suspected the presence

I

of gas- forming org:m is ms on account of the mousy odor
or t he appearance of the wound in some cases, but in
the ma jority the presence of gas was first revealed by
x-r ays , and therefore treat ment was begun in the early
stages .
Swan ( 85 ) in 1940 reported recovered cases of gas
infection from wounds of the present war by the combined use of surgery , anti-gas serum and sulfanilamide
intr avenously.
Jeffrey (46 ) in 1940 reported an extensive experience among British wounded during the campai gn in
France (1940) .

Of 2 ,000 wounded , personally examined,

but 5 cases of true gas gangrene were observed.

In

other words, t he re was a marked decrease in the frequency of gas gangrene i n British wounded .

Measures

employed i ncluded standard surgical technique, combined
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ith local sulfanilamide, followed by oral administration 18 hours later .

Jeffrey found no evidence that

sulfonamides alone , without operation, saved any case
of true gas gangrene but it was apnarently helpful in
combination with serum therapy .
The clinical work is st rongly in favor of sulfonamides for the prophylaxis of gas gangrene .

Buttle (12)

in 1940 summarized the value of sulfonamides in the prophylactic treatment of wounds by saying that the results
,,.

obtained in sulfanilamide cases of gas gangrene due to
Clostridium welchii were so good that the extensive amputations comnonly necessary in the last war for this
condition might largely be avoided.
Re cently a publication from the Office of the Surgeon General of the Unit ed States Army (78) recommended
sulfanilamide as the drug of choice in the prophylaxis
of gas bacillus infection .
Singer (81) in 1940 , after extensive experimentation on mice , came to the conclusion that at best the
action of the sulfonamide drugs in infections with pure
cultures of Clostridium wel chii must be designated as
weak in comparison to the powerful action of the same
drugs on strepto coccal and other infections .
Gordon and McLeod (34) in 1941 found, from the
results of experiments in mice and guinea pigs, that
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the sul f onamides would h ave only a limited value in the
p rophylaxis of gas gangrene , and that local administration was more useful than oral .

They predicted that

these drugs would not be useful in treat ment except in
cases of mixed inf ection with anaerobe susceptible to
the n .

In experi mental work , the s ulfonamides were in-

f erior to antisera f or prophylaxis .

Also, they found

th at antisera was so much more effe ctive in prophylaxi s than in treatment that t h ey reco mmended the for mer
but doubted the use of the latter .
Hawking (39) in 1941 experi mented with gui nea
pigs .

Experi ment al wounds were made and larg e numbers

of gas gang rene organisms were inserted .
ani mals d ied within 24 hours .

Untreated

Application of sulfona-

mide compounds to the wounds at the same ti me as insertion of t he organisms saved a larg e proportion of the
ani mals inf ected with Clostridium welchii and with Clos tridium septique , but it had only slight influence upon
in f ections wit h Clostridium oedematiens .
wa s the most effective compound .

Sulfat hiazol e

The development of

t h e inf ection in those wounds coul d also be prevented
by administr ation of sera .

They recommended t hat war

wounds should be protected against t he development of
g as gangren e by the l ocal apolication of sulfonamide
compounds, toget her with i n jection of antitoxin .
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Reed and Orr (75) in 1941, experimenting with
guinea pigs, found that infections were effectively
controlled by the administration of the sulfonamides .
Best results were obtained when at least part of the
drug was introduced directly into the wounds .

When in-

troduced into a wound , sulfanilamide and sulfathiazole
produced a muc h higher concentration in the tissues
surrounding the wound than in the blood .

With sulfa-

nilamide, it was confirmed that with oral administration the concentration in muscle was anproximately the
same as in the blood .

No safe dose by mouth produced

as high a concentration in a wound as a moderate dose
applied locally .
Caldwell (14) in 1941 attempted to experimentally
produce, in guinea pigs, the counterpart of a compound
fracture infected with a lethal number of Welch's bacilli, and to treat these in some of the various ways
suggested by the clinical and laboratory observations .
He found that debridement of the wound , followed by
implantation of 15 to 30 milligrams of sulfanilamide
crystals and closure resulted in the survival of only
four of nineteen animals .

However, debridement and

irri gation of similar wounds left open, and followed by
the administration of 50 milligrams of sulfanilamide
intraperitoneally every six hours , resulted in the survival of seven of nine animals .
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Woolsey and Gottschalk (101) in 1941, basing their
conclusions on collected cases, stated that immediate
local cleansing and debridement, with implantation of
sulfanilamide is the best method against gas gangrene.
Implantation of sulfanilamide into a dirty laceration
is a more useful prophylaxis than simple cleansing and
debridement.

Sulfanilamide locally implanted is more

effective than oral administration.

Prophylactic in-

j·ection of anti toxin is no insurance against development
of gas gangrene .
Bliss, Long, and Smith (5) in 1941, in experimenting with gas gangrene in mice, found:
1. Sulfadiazine and sulf athiazole administered lo-

cally were the most effective of the sulfanilamide compounds tested in the control of infections in mice produced by the intramuscular injections of Clostridium
welchii-or Clostridium septique.
2 . Sulfanilamide, sulfaguanidine , and sulfapyri-

dine were definitely inferior to sulfadiazine and sulfathiazole in the prophylaxis of Clostridial infections
in mice :
3. The per-oral prophylactic administration of

sulfadiazine and sulf a thiazole gave results inferior
to those obtained by their local administration in infections produced in mice with Clostridium welchii or
Clostridium septique.
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Qvist (74) in 1941 outlined adequate prophylaxis
as comprising:

complete and immediate excision of the

wound; administration of sulfonamides, particularly local application; injection of antisera, especially intramuscularly around the wound.
Sandusky and !feleney (79) in 1942 evaluated chemotherapy on experimental gas gangrene in guinea pigs .
Results of local chemotherapy in experimental wounds
contaminated with Clostridium welchii were:

sulfanila-

mide 40 percent mortality ; sulfadiazine 30 percent mortality; sodium sulfadiazine 20 percent mortality; sulfathiazole 30 percent mortality ; sodium sulfathiazole
20 percent mortality ; and zinc peroxide 80 percent mortality.

Mortality was decreased further in all cases

when debridement and irrigation was added.

This chemo-

therapy was used in such experimental wounds within
two hours after production and cont amination.

Results

were the same wit h Clostridium septique.
Under the same conditions, zinc peroxide was
found to be effective in producing a slight reduction
in mortality when Clostridium novyi was present .

Sodi-

um sulfat hiazole was somewhat effective but co mplete
failure was encountered with other sulfonamides in
Clostridium novyi-contaminated wounds .
None of the chemotherapeutic agents were effective
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in preve nting deat h fro m gas gangrene in ani mals infected with Clostridium sordellii .
Reed and Orr (76) in 1942 showed that the average
of all results in the local tre at ment with sulfathiazole (most effective of the sulfonamides) of wounded
g uinea p i gs inoculated with lethal doses of Clostridium
welchii, Clostridiu.m septicum , and Clostridium novyi
amounts to recovery of some 91 percent of the tre ated
ani mals and 9 percent deaths after a gre atly prolonged
survival time .
Erb and Hodes (26) in 1942 stated that in experi mentation wit h pi geons , sulfanilamide was without value
in tre ati ng Clostridium welchii inf ection .

However,

they suggested t hat the sulfonamide s may be of value
in controlling the secondary infection so commonly obs erved in clinical gas gang rene in f ection .
Sewell, Dowdy , and Vincent (80) in 1942 , in treating experimental gas gangrene in dogs, found that sulfadiazine was superior to other drugs .

Used prophylac-

tically , the mortality was 12 percent ; therapeutically ,
the mortality rose to 72 percent .
thiazole, then sulfanilamide .

Next best was sulfa-

They found that combined

'
irradiation and chemotherapy,
gave poorer results than

either used alone .

The treatment of choice, according

to them, is conservative surgery coupled -either · with a
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sulfonamide or with roentgen irradiation.

They recom-

mend conservative surgery with sulfadiazine.
Halford (36) recently reported on a large group
of soldiers wounded in Hawaii.

In this large number

(unstated) of wounded , there appeared only 11 cases
of proven gas disability infection, although the expectancy was from 44 to 55 cases.

All 11 cases occurr-

ed in patients where primary sutures of the wound were
performed.

Cases of gas gangrene were dressed twice

daily at which time generous amounts of sulfanilamide
were dusted into the wounds and the drug was used orally in combination with sulfathiazole.

Not one case re-

ceived a therapeutic injection of gas gangrene antitoxin .

Casualties had received prophylactic injections

of tetanus toxoid.

The author reached the following

conclusions, ~~ong others:

(a) traumatic wounds should

never be subjected to primary suture ; (b) sulfanilamide
alone cannot be relied upon to prevent gas gangrene infection unless the wound is left open; (c) sulfathiazole should not be used for topical application to
wounds , because it is poorly absorbed and cakes on the
surface ; (d) sulfadiazine by mouth is preferred in
streptococcic and pneumococcic cases.

Zinc Peroxide
in
Prophylaxia and Treatment
Meleney and Johnson (66) in 1937 successfully
treated gas infections by debride ment and the local application of zinc peroxide suspended in distilled water .
The solution

as poured into the recesses of the wound

and sealed over with vaseline gauze .
Bliss, Long, and Smith (5) in 1941, in experimenting with gas gangrene in mice, found that zinc peroxide
administered locally was a good prophylactic agent in
the control of Clostridium septique infections and excellent in the control of Clostridium oedematiens and
Clostridium tetani infections .

It was

ithout effect

in Clostridium welchii infections.
Cald ell (14) in 1941 attempted to experimentally
produce in guinea pigs the counterpart of a compound
fracture infected with a lethal numb er of

elch 1 s ba-

cilli, and to treat these in some of the various ways
suggested by the clinical and laboratory observations.
Debridement and irrigation of such wounds .f ollowed by
implantation of zinc per6xide paste and suture of the
wounds resulted in the survival of four of five animals .
Reed and Orr (77) in 1942 experimented with zinc
peroxide therapy and found that it co mpa red favorably
with sulfa thiazole in the treatment of gas gangrene in
guinea pigs, although in delayed treatment it compaxed
less favorably .
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~!eleney (65) in 1942 reconnnended the use of zinc
peroxide t o the Navy for use in g as gangrene .

His

treatment involved three principles:
1. It must be an active preparation,
2 . It must come in close contact with every part
of the infected surface, and
3 . It must be kept wet.
eleney offered no statistics as to the efficacy
of this method .

X- Ray
Therapeutic
As far as can be determined, Kelly and Dowell were
the first to use x-ray in the treatment of gas gangrene .
Kelly and Dowell ' s (52) first experience in treating gas bacillus infection was the result of unusual
circumstances .

In 1928, they saw a patient in consulta-

tion concerning the diagnosis as interpreted by the
x-ray film, with no thought of using x-ray therapy .
Clinically, the infection, which followed an injury
below the right knee, looked like gas gangrene.

Cult-

ures were positive for Bacillus welchii and x- ray films
showed considerable gas in the soft tissue .

When they

saw the patient the next morning, he was comatose and
apparently beyond help .

It was too late to attempt

amputation and for want of something better to do , they
gave him an x- ray treatment late in the afternoon .
Since they had pr eviously treated patients with erysipelas and other acute infections with small doses of
K- rays twice each day, they decided to do the same in
this case of gas gangrene .

The next morning, after two

treatments of x- ray the day before, the patient was not
only alive but sitting up in bed .

They finished the

series of treatments during the next few days .

The pa-

tient was dismissed after seven weeks of hospitalization .

The patient recovered complete functional use of
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when x- r ay therapy was started .

This one experience

suggested to them that a mputation might not be necessary
in gas bacillus in f ection if x- ray therapy were used .
When Kelly and Dowell had an opportunity to treat
gas gangrene, they used the mobile x- ray unit .

This

mobile unit was t he ordinary unit designed for mobile
diagnostic wo r k in general hospitals and rated below
90 kilovolts .

In their first report on the treatment

of gas gangrene with the mob ile unit , two cases out of
ei ght died ; both of those dying had trunk involvement .
In those who recovered , the infection was almost entirely limited to t he extremities .

As a result of these

c as es, t hey thought perhaps the mobile unit l acked
kilovoltage necessary to cure the trunk cases .

So,

after th at, trunk cases wer e t aken to t he x- ray depart ment where higher kilovolt age coul d be obtained .

They

ere so i mpressed wit h the results t hat they decided to tre at other inf ections in t he trunk .

They also

built two mob ile units so that it woul d not be necessary to move t he patients to the x- ray department .

In

1938 , two Ame rican manufacturers of x- ray equipment
constructed apparatus e specially de s igned for this type
of work .
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which the infection had progressed up the leg and the
patient was extremely toxic .

The tissues of the thigh

were discolored at the time x- ray treatments were
started .

Despite a late start, the toxemia cleared up

and gradually, the damaged tissues of the thigh lost
their bluish color and returned to normal .
amputation or debridement was necessary .

No further
This was the

second case which impressed on them the fact that all
tissues discolored as a result of gas bacillus infection is not dead tissue.

At this time, they firmly

began to believe that, - in the rapidly spreading type of
case, debridement should be reserved until after the
toxic phase of the disease has passed, at which time
tissue which fails to recover can be removed~
Success with this therapeutic measure stimulated
others to use it .

Kelly and Dowell (52) reviewed the

literature and found 94 cases reported of traumatic
gas gangrene treated by x- ray between 1933 (Kelly's
first report) and 1940 .

Out of 94 , 84 lived and 10

died , a mortality of 10 . 6 percent .

In various re-

ports, Kelly and Dowell reported 408 oases of gas gangrene treated by x-ray between 1933 and 1940 .

These

cases were divided into traumatic, diabeti c, arteriosclerotic .

Results were as follows :
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Traumatic

364 cases

42 d ied

mortality 11 . 5%

Diabetic

29 cases

15 died

mortality 51 . 76/o

Arteriosclerotic

15 cases

12 died

mortality 80%

Faust (27) in 1934 reported 7 cases of gas gangrene
treated by serum, excision and washing, plus x- ray with
recovery in 6 .
!cNamee and Tulenski ( 63) in 1939 reported 9 cases

1

treated by roentgen ray therapy, plus antitoxin , etc.
Seven recovered, a mo rtality of 22 percent, although it
was proved at autopsy that one did not have gas gang rene; therefore, the mo rtality would be 11 percent .
Nine cases treated similarly, but with no roentgen
therapy, had a mo rtality of 44 percent .
They recommended that if gas gangrene is suspected,
roentgen ray therapy should be g iven immediately .

In

treat ment of limbs, they used 100 r once daily for four
days.

Cases in which the trunk was involved, required

higher voltage.
Anderson and Olim (1) in 1939 reported 8 cases
treated with irradiation , with a mortality of 25 percent .

Their dosage recommended is 80 to 100 r repeated

every eight to twelve hours ; ·prophylactically 100 r for
three days.
Cubbins, et al (22) in 1938 stated that all ei ght
patients with proved gas infection treated with roent gen
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ray, without surgery or antitoxin, died .

Coleman and

Bennett (18) in 1939 reported treating 14 cases with
roentgen ray alone, with four recoveries and ten deaths .
However , according to these men , in the four cases
which responded to roentgen ray, wide opening and amputation were responsible for recovery .
All do not agree on the efficacy of x-ray therapy .
Caldwell and Cox (15) in 1941 reviewed cases reported
of gas gangrene treated with roentgen therapy thereby
averting amputations and lowering mortality.

They found

that these reports failed to consider all the factors
concerned, such as the most important and probable
causes of death, on the one hand , and the known benefits
of concomitant surgical measures on the other .

They

citeq one case in which i ncision , standard roentgen ray
therapy 100 r twice daily for three days, sulfanilamide
and serum were employed, but the patient did not recover until the leg was amputated .

Then they cited

another c ase which recovered after a wide incision,
necrotic muscle was removed, drainage was instituted ,
the lesion irrigated with hydrogen pe roxide and sulfanilamide was given .

Experiment ing on gu inea pigs, they

found that early debridement was better than x-ray for
prophylaxis, and early debridement was more valuable
than roentgen ray therapy in the control of gas gangrene .
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Qvist (74) in 1941, in commenting on the conservative x- ray treat ment of gas gangrene , stated that,
"either many unnecessary oper a tions are being performed
or conservative treatment is being applied to a .different class of case .

Al most certainly the latter is a

true explanation of these apparent discrepancies in the
results of treat ment , and results of numerous cases of
anaerobic cellulitis have probably been reported as
cures of gas gangrene by conservative means 11 •

X-Ray
Prophylaxis

Kelly and Dowell (52) state that as far as they
know, Dr. Howard B. Hunt, of the University of Nebraska
College of Medicine, was the first to attempt the use
of x-rays in prophylaxis.
In 1936, Kelly and Dowell (51) gave a paper to the
American Medical Association.

In discussing this paper,

Watkins stated that from his observations of cases
treated, he felt certain that x-rays could be used successfully in prophylaxis.
Charbonnet and Cooper (16) in 1938 listed eight
cases in which x-rays were used with apparent success
for prophylaxis.
Bowen (7) in 1940 reported prophylactic x-ray treatment to 39 patients, soldiers, with the development of
gas gangrene in one.

In the discussion, Bowen called

attention to the fact that these patients should receive prophylactic doses of x-rays at the earliest possible moment and treatment should be repeated with
regularity.

He was sufficiently impressed with the re-

sults obtained to recommend the development of apparatus for the Army to use in time of war.
Thomson (67} in 1940 reco mmended a prophylactic
dose of x-rays twice daily for three or four days over
every compound fracture .

He stated t hat after following
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this procedure for several years,

11

I knO\v little regard-

ing this complication except what appears in the literature" .
Kelly and Dowell (52) reviewed all cases reported
in the literature up to 1939, in which x- ray prophylaxis
was given .

Out of 90 cases, 2 developed gas gangrene.

For the past several years, Kelly and Dowell have given doses of 50 to 100 r , usually 75 r , each day for
three days as a prophylactic dose.

In 134 cases, they

found that in the greater number of cases , onset of gas
bacillus infection occurred between 24 and 96 hours
after injury , with the peak between 48 and 72 hours .
Despite the fact that the severity of the i njury is a
factor in these early deaths, they believe that the infections which are evident a few hours after injury
are more virulent than those which do not appear until
three or four days have elapsed .

This is borne out by

many other men .
Bowen (7) in 1940 gave 40 patients , with lacerated
wounds and compound fractures , prophylac tic roentgen
therapy .

There were no adverse effects ; 2 cases of gas

infection developed , with recovery .

He , like Kelly and

Dowell (52) recommended bett~r development of mobi l e
x- ray units for their use in military hosp it als .

X-Ray
Method of Administration
Kelly and Dowell (52) give the following as principles of treat ment:
"One treat ment each day for three days is the minimum to be given for prophylaxis.

If the disease is sus-

pected or active, the important factors are:

(1) two

or three treatments each day until the toxemia is under
control; (2) treatment of all involved tissues and adjacent tissue ; (3) use of adequate kilovoltage to penetrate thoroughly the diseased tissue; (4) use of some
filter --the higher the kilovoltage , the heavier the
filter .

If the kilovoltage is too high and the filter

too heavy, the response is not so prompt .

Finally, one

must keep in mind the possibility of reactivation of
infection after secondary operations in the ordinary
traumatic patient and in all diabetic and aged patients
with gangrenous tissue still present after operation,
even on the other extremity in the diabetic and aged
patient .
"The exact details as to kilovoltage, r units, filter and other technical factors for each case can hardly
be given; each case must be individualized. 11
A table i s ~iven showing the r units per dose :
50 to 75 once daily for three days for prophylaxis in
the extremity; 1 to 3 daily for three to five days in
extremity involvement.

The r units are boosted to
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three days for prophylaxis, 1 to 3 daily for three to
six days for treatment .
Other principles of x- ray therapy, according to
Kelly and Dowell (52) include :
11

Sulfanilamide is not to be given internally while

x-ray treatments are given .

If sulfanilamide has been

given, x-ray therapy may be started six hours or more
after the last dose of the chemical .

Serum therapy is

not advised for children , aged, or diabetic patients .
Mortality Factors
Kelly and Dowell (52) found types of cases important in influencing mortality.

Diabetic and arterio -

sclerotic groups have a continued high mortality in
spite of x- ray therapy.
in mortality fi gures .

Those are included separately
They suggest that a separate

g roup for cases following hypodermic injections may be
necessary because of the high mortality .

There is an

increased morbidity in cases receiving combined sulfanilamide and x- ray therapy .

Diabetic patients, who

receive serum, also have so much higher mortality
than diabetic patients who receive no serum .

Kelly and

Dowell (52) reported x- ray treatment of gas gangrene in
diabetic patients :
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with serum
without serum

17 cases

12 died

70.6% mortality

9 cases

2 died

22.2% mortality

During the acute toxic phase of the disease, amputation
or extensive debridement is a definite factor in increasing the death rate.

Secondary operations for a serious

injury may also be a factor in the patient 's death.
Other factors responsible for increased mortality with
x-ray technique include:

inadequate kilovoltage , wrong

space factor, failure to include all diseased tissue and
delay in starting treatment.

Patients treated so late

that they only lived long enough to receive one treat-.
ment increased the mortality in that group to 50 percent.

Those who were treated early and received three

or more treatments at 12-hour intervals had a mortality
of about 5 percent.
Kel ly and Dowell (52) report a mortality of 31 percent with sulfanilamide and x-ray, compared with a
mortality of 15 percent with x-ray alone.

They have

used sulfathiazole internally and locally, without untoward results.

They have not had much experience with

local application of sulfanilamide plus x-ray.

X- Ray
How X- Ray Works
Faust (28) in 1934 suggests as a possible explanation of the action of the roentgen ray :

ttRecently three

Stanford University zoologists have reported that x- rays
played upon nutrient fluids are deadly to protozoa by
producing small quantities of hydro gen peroxide" .

A

review of this report by Taylor , et al (2) in 1936 reveals that they employed 38 , 400 r on these nutrient fluids to obtain the lethal effect on protozoa .

Caldwell

and Cox (15) in 1941 pointed out that such massive dosage .is not therapeutically possible in the treatment of
human beings .

fo reover , they believe it hardly fair to

1

conclude fro m their experiments that because with large
doses of roentgen ray , certain protozoa are destroyed in
a sterile yeast medium ; anaerobic bacteria can be killed
in human tissue by very small doses of roentgen ray .
Kelly and Dowell (52) , using the Straub theory
that the exotoxin is probably destroyed through oxidation, surmise that this may hold the answer to the question why certain patients who.have received sulfanilamide in large doses just prior to or simultaneous with
the x- ray treatment fail to respond to the ac tion of
the x- rays , in that many of these oatients receiving
sulfanilamide have some oyanosis when x- ray therapy is
started •

•
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In explaining the action of x-ray in treatment,
Kelly and Dowell emphasize that the early use of x-rays
prevents the concentration of toxins in the circulation,
and frequent use of x-rays after the toxin has accumulated tends to retard its action and rapdily dissipate
all clinical evidence of toxemia.

As to the action of

x-rays upon the disease, they admit that it is not fully understood but they believe that knowledge of how
it acts is not as i mportant as knowing that it apparently never fails .
they list:

11

Mentioning possibilities as to action,

The ray, acting in a destructive capacity,

may kill the organisms themselves, or it may act as a
bacteriostatic, and, by preventing their propagation,
bring their biologic course to an end .

On the other

hand, when it is acting in a stimulating capacity, the
beneficial action of the roentgen ray may be on the
cells of the host stimulating them to superior defensive powers .

Many variations or co mb inations of the

above- mentioned possibilities . may be present" .
They list another characteristic of x-ray in that
it will ionize or split gas es.

"Possibly the gas formed

in the tissues in this disease may be highly toxic in
its original state, and the rays may , through some
oxidizing effect, render the gas less toxic to the host
or even destructive to the organisms which produce it. 11

X-Ray
Experimental X-Ray Therapy with Animals
Caldwell and Cox (15) in 1941, experimenting on
guinea pigs, found that early debridement was better
than x-ray for prophylaxis, and early debridement was
more valuable than roentgen ray therapy in the control
of gas gangrene '.
Erb and Hodes (26) in 1942 state that, in experiments conducted on pigeons, irradiation has no demonstrable effect on Clostridium welchii infection.

They

also showed that irradiation used in conjuction with
serum is a detriment rather than a benefit .

It must

be remembered that this is animal experimentation .
Sewell , Dowdy, and Vincent (80) in 1942, in experimenting with gas gangrene in dogs, found that with
roentgen irradiation, the mortality was 74 percent
and with sulfadiazine was 72 percent; together, it was
88 percent.
Kelly and Dowell (52) were unable to find a suitable laboratory animal for experimentation.

Toxoid in Prophylaxis
Penfold and Tolhurst (70) in 1937 , in Austral i a ,
found that formol - toxoids of Bacillus wel chii , which
had been rendered atoxic for mice in one cubic centimeter quantities intraperitoneally , produced effective immunity in animals when g iven in from four to
ei ght large injections .

Also, suspensions of alum

precipitates of similar formol - toxoids given in two

.

small injections a month apart were excellent i mmunizing agents in animals .
and passive immunity .

They demonstrated both active
These animal experiments sug-

gest ed that the prophylaxis of gas gangrene in man
by the use of formol - toxoid was possible .

In August of 1937, Penfold and Tolhurst (71) decided to try the alum-precipitated Bacillus welchii
toxoid in man .

They - injected eleven different people

with from 0 . 25 to 1 . 0 cubic cen~ime ters .

Serum was

taken from these volunteers and was proved to protect
mice from the Bacillus welchii , whereas the controls
died .
Plummer (16) in 1939 attempted immunization , us ing unprecipitated Clostridiurn perfringens toxoid .
They were fairly successful in immunizing guinea pi gs
against both the toxin and the spores .
Stewart (93) in 1942 developed a method of concentrating Clostridium perfringens toxoid which was
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found to be far superior to crude toxoid or to crude
alum-precipitated toxoid.

This method included pre-

cipitating the filtered toxoid with 70 percent saturation of ammonium sulfate, dissolving the precipitate
in water not exceeding one-twentieth of the original
volume of the toxoid, and dialyzing in running water
for forty-eight hours.

The dialysate is then made up

to one-tenth of the original volume of the toxoid,
refiltered through a Berkefeld filter and precipitated
ith a 1 or 2 percent solution of alum.

After it is

washed in a solution of sodium chloride, the precipitate is concentrated to one-tenth of the original volume of the toxoid.

Guinea pigs with circul ating

antitoxin , as a result of active immunization, were
protected against many lethal doses of Clostridium
perfringens toxin or Clostridium perfringens culture
given intraperitoneally or intramuscularly.
Penfold, Tolhurst, and Wilson (72) in 1941, using
alum-precipitated toxoids, demonstrated in guinea pigs
combined immunity against Bacillus welchii culture and
Bacillus tetani toxin.

They summarized reports on

the use of toxoid-vaccine mixtures in animals and man .
On the evidence presented, they see no reason why the
immunization of man with a mixture of typhoid-paratyphoid vaccine and tetanus and Bacillus welchii
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toxoi ds should not be successful .

They gave 12 persons

a total of 33 injections of Bacillus welchii alumprecipitated toxoid and, in all, reactions were mild
an d local .

All t he volunteers responded with the pro -

duction of antitoxin in their serum, and human serum
injected into mice protected them against living cultur e s of Bacillus welchii.

Following two or three in-

jections of toxoid, antitoxin was dete~table for at
le a st five months in the sera of nine volunteers .
Kolmer (54) i n 1941 found it possible to produce
an encouraging degree of immunity to the toxins of
Clostridium perfringens and Clostridium septicum by
the i mmunization of guinea pi gs with their respective
toxoids .

Results were negative in immunization with

t h e toxoid of Clostridium oedematiens .

He predicted

t hat the discovery of improved met hods for the production and concentration of more potent toxins of the
Clostridia of gas gangrene for conversion in toxoids
by f ormolin would eventually make it possible for the

simultaneous imnunization of humans against tetanus
and gas gangrene .

PROGNOSIS
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The prognosis of the patient with gas gangrene
has changed considerably with the change in treatment .
hen gas gangrene was first recognized as a disease
entity, there was little hope for recovery; there was
always plenty of pain and suffering , with an eventual
loss of a limb by surgery .

This has changed through

the years, as therapeutics has changed, until now
the patient with gas gangrene does not have · such a
bleak future.as he once had .

In the first place,

with modern prophylaxis, the potential gas gangrene
patient stands a very good chance of never acquiring
the gas bacillus infection, although he has a wound
contaminated with the gas gangrene bacilli .

Secondly,

through modern management, once acquired, the disease
can now be controlled and whipped in most cases, preserving the limbs as well as the life of the patients .
This is a valuable advancement for which thousands
of soldiers and civilians will be thankful .
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